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PREFATORY NOTE. 



Mechanism, as the term is usually employed, treats 
of the construction and relative motions of the different 
pieces which compose machines, without regard to the 
forces which may act upon them. The present work 
is designed to supply Elementary Teachers and Stu« 
dents of Engineering with a familiar exposition of the 
leading principles of Mechanism, and to apply them to 
the elucidation of the most important pieces of machi* 
nery. The most difficult investigations are printed in 
small type, so that these portions may be omitted by 
the student in reading the work for the first time. 

Pecember, 1850. 
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ELEMENTS OF MECHANISM. 



CHAPTER L 

MOTION. 



1. Before treating of the subject of mechanism it is neces- 
sary that we should consider some of the definitions and laws 
of motion. 

2. Motion may be either absolute or relative. When a 
vessel leaves the shore its motion is absolute considered in 
reference to some fixed point on the land; but the vessel 
has relative motion when its position is referred to some 
other vessel which is also in motion. 

3. When a body moves in a straight line it is said to have 

a rectilinear motion^ and when it moves in a curved line it i 
is said to have a curvilinear motion, 

4. When a body moves in the same path it is said to have 
a continuous motton, but if it move backwards and forwards 
it is said to have a reciprocating motion. Hence we have 
reciprocating rectilinear motions as well as reciprocating 
curvilinear motions, 

5. Motion may be either uniform or variable. K a body 
move over equal spaces in equal times it has a uniform 
motion, but if it move over unequal spaces in equal times it 
has a variable motion. 

6. The velocity of a body is the rate at which it moves. 
Thus if a man walk four miles uniformly in every hour, his 
velocity or rate of motion is four miles per hour ; if a body 
move uniformly over six feet in every second, its velocity or 
rate of motion is six feet per second. Hence, in order to 
express velocity, we must have a certam hmtc^^i^t ^^ Tx\sv\Sk ^^ 
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space passed over in a particular unit of time. The assump- 
tion of these units is perfectly arbitrary : however, it is cus- 
tomary to take a foot as the measuring unit of space^ and a 
second as the unit of time. Hence, in the last example, we 
simply say that the velocity of the body is six feet. 

7- When a body moves uniformly, the space passed over 
is equal to the product of the velocity by the time. Thus, 
let it be required to find the space passed over by a body 
in five seconds, when its velocity is seven feet per second. 
Here 

Space passed over in 1 sec. =7 ft. 

„ „ „ 6 sec. =5 times 7 ft. =35 ft 
Or, generally let s be the space, t the time in seconds, and v 
the velocity per second^ then we have 

Space passed over in 1 sec.=v 

„ „ ^ sec s=^ times V, 

that is, 8=vt.„ (1). 
Which expresses the general relation of space, time and velo- 
city, in uniform motions. 

Any two of these elements being given^ the remaining one 
may be found ; thus we have 

»=f ... (2). 

g 

and <=- ... (3). 

Examples, 

1. The velocity of a body is 8 ft. per sec, in what time 
will it move over a space of 9 yds. ? 

Here v=r8, ««s9x3=27, and t is required, therefore, by 
equation (3), we have 

f=i-=g-=3|sec. 

2. A body moved over 26 ft. in 6 seconds^ required its 
velocity per second. Ans. ^\ft. 
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3. The velocity of a body is 20 miles per hour, in how 
many seconds will it take to move over 40 ft ? 

Ans, If sec, 

8. When a body moves wi1& a variable motion, its velo* 
city at any instant, is determined by the rate at which it is 
moving at that particular instant, that is, by the space which 
it woald move over in one second^ supposing the motion 
which it then has to remain constant or uniform for that 
time. The most common case of vanable moUcm is presented 
to us in the case of falling bodies. If the velocities of a 
body increase, it is said to be accelerated, and if the velocity 
decrease, to be retarded. 



Angulctr Velocity, 

9. If two wheels perform a revolution in the same time, 
their angular velocities are the same, no matter what may be 
their dimensions. If one wheel makes three revolutions in 
the same time that another wheel makes one, the angular 
velocity of the former is three times that of the latter ; and 
so on. Let ab be a rod revolving upon a as a centre, 
and let it move from the position a b to a o in one second, 
then the length of the arc b c is the Fig, i. 

velocity of the extremity b. On a as 
a centre, with the radius aq equal 
to unity, describe the arc Q v, cutting 
A G in the point v, then the length of 
the arc Q v is the angular velocity of 
the rod. 

Let the length of the rod A b=:5 ft., and its angular velo- 
city Q v=2 ft., required the velocity, b o, of the extremity b. 

Here a q=1 ft., Qy= 2 ft., and AB=5il., then we have 

arc radius 1, or Qy=2 ft 

„ 5, or B0=:5 times 2 ft=10 ft, 

that is, the velocity of 13= 10 ft. 

B 2 
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Or generallj let a be the angular velocity, r the radios or length of 
the rod ab, and v the velocity of the extremity b, then we have 

arc rad. 1 or qyba, 
.*. M n ror BC«rtime8 A»Ar, 
that is, oa Ar ... (1), 

and A—- ... (2). 

10. The motion of wheels is conyeniently measured by the 
number of rotations which they perform in a given unit of 
time. 

Let a wheel whose radius is 3 ft., perform 20 revolutions 
per min., required 1st, the velocity of the circumference of 
the wheel, and 2nd, its angular velocity. 

circum. wheel=2 x 3 x 3*1416 

/. velocity circum. wheel per min.=2 x 3 x 3*1416 x 20 

2x3x3*1416x20 
• • »> » per see— ^Q 

=6*2832 ft., 
which is the first velocity required. 

Again, the last result may be put in the fc^owing 
form :— 

velocity circum. wheel rad. 3 ft. =6*2832 ft. 

rad. 1 ft. =^^=2*0944 ft. 

Or generally let n be the number of revolations performed by the 
wheel per min., and put 2ir for 2 x 3*1416 or the circumference of a 
circle whose radius is unity, the other notation being the same as in 
Art 9., then we have 

circum. wheel s 2irr, 
.*. velocity circum. wheel per min. *= n times 2itr 

«2irnr, 

/, velocity circum. wheel per sec. =on""*''» 

that is, ©— — »nr ... (1), 

J . 30ii ,o. 

and /. nw — ••• (2). 
irr 
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Now eq. (1) may be written, 

velocity circom. wheel rad. r=~irnr 



• 
• • 


»> »» n '*^^""20'"' 




that is, A=s ~irn ... (3), 




and /. n^^ ... (4). 



CHAP. n. 

MACHINES IN GENERAL. 

U. Advantages and Uses of Machines. — The following 
are some of the most obvious advantages and uses of ma- 
chinery : — 

1. In accumulating power, or exerting forces too great for 
human power. With the coining engine a single man can 
prdduce the impression of the die upon the metal, which the 
unaided pressure, exerted by a hundred men, could not 
effect. With the common crane one man can raise a weight 
which would require several horses.to draw. 

2. In regulating the distribution of power and motion. 
Uniformity in the rate of a machine is in many cases essen- 
tial to its successful application. The pendulum of a clock, 
the governors of steam engines and water-mills, &c., are ex- 
amples of regulators of power and motion. 

3. In increasing or decreasing velocity. In the common 
spinning-wheel, the foot applied to the treadle, can only be 
convcDiently moved with a certain speed, but a much greater 
motion must be given to the part which twists the ilax. 
Again, in the common smoke-jack, the motion communic&ta<(L 
to the vane wheel is much too great fet t^i'^ -^xjcc^^ssbfex^wjict^ft.^ 

B S 
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this motion is therefore transmitted through a series of 
wheels which reduce it to the requisite speed. 

4. In changing the direction of motion. By turning the 
handle of a windlass, a man raises a bucket from a well. 
The piston of a steam-engine moves up and down in a ver- 
tical direction, or, in other words, it has a reciprocating 
rectilinear motion, .but by the intervention of mechanism this 
motion is made to turn wheels, to pump water, or in fact to 
produce the various kinds of motion required in our arts and 
manufactories. 

5. In prolonging the action of forces. The few seconds 
which we take in winding up a watch, are sufficient, by the 
aid of wheels, to produce a force which will continue in 
action for 24 hours. 

6. In registering operations. Familiar examples of this 
are exhibited in the turn-stile of our bridge keepers, and in 
the gas-meter. 

7. In effecting a uniformity and precision in the work to 
be done. With the lathe an ordinary workman can turn a 
piece of metal perfectly cylindrical, which would baffle the 
skill of the most perfect mechanic to produce without the 
aid of such machinery. 

8. In economising time and labour. Twenty years ago, 
the stage coach took 25 hours in travelling from London to 
York, but by the railway carriage the journey may be per- 
formed in one-fifth of that time. The steam printing press 
is another remarkable instance of the same kind. 

12. Application op Forces to Machines. — Forces, ap- 
plied to give motion to machinery, are developed by various 
means: — 1. By animals. 2. By the descent of weights. 
3. By the fall of water. 4. By the action of springs. 5. By 
the expansion and pressure of fluids. 6. By electricity and 
magnetism. 

These forces have four modes of action : — 1. In the form 
of simple pressure, as in the case of pressure applied to the 
arm of a lever, or when a fluid acts upon a piston. 2. In 
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the form of a thrust or push, as in the case of a rod being 
pushed forward to give motion to another rod or some other 
piece of mechanism. 3. In the form of a drawing or pulling 
force, as in .the case of wheels being moved by cords or 
straps. 4. In the form of a stroke, as in the case of a wedge 
being struck by a mallet. 

The nature of the mechanism depends in some measure 
upon the manner in which the forces are applied to the 
machine. Thus, when the fopt is used to turn a lathe, the 
force is applied to a foot-board or treadle ; when a horse is 
employed to raise coals from a pit, the animal is made to 
run in a circular path, and thus motion is given to a large 
horizontal drum wheel round which the pit rope coils. In 
the first instance a vertical reciprocating motion is con- 
verted, by the intervening mechanism, into a continuous cir- 
cular motion : and, in the last instance, a circular horizontal 
motion is converted into a rectilinear vertical one. 

13. The Fasts of a Machine. — A machine consists of 
three important parts: — 1. The parts which receive the 
work of the moving power, — these may be called receivers 
of work. 2. The parts which perform the work to be done 
by the machine, — these may be called working parts or 
more simply operators. 3. The mechanism which trans- 
mits the work from the receivers to the working parts or 
operators, — these pieces of mechanism may be called com- 
municators of work. 

The form of the mechanism or communicators must 
always be determined from the relation subsisting between 
the motions of the receivers and operators. 

X4. Receivers and Operators. — If there were no loss 
of work in transmission (Irom friction, &c.), the work ap- 
plied to the receiver would always be equal to the work 
done by the operator.* Thus let p be the lbs. pressure 
applied to the receiver, and s the space in feet which it 

* See the author's ** Exercisea on 'NU<^:ffis^<(^r ^^* 

B 4 



8 ELEMENTS OF MECHANISM. 

moves over in a certain time ; P| the lbs. pressure produced 
at the working part, and S| the space in feet which it moves 
over in the same time ; then neglecting the loss of work by 
friction, we have 

Work applied to the receiver =p x s, 

Work done upon the operator =P| x 8| ; 

/, PXS=P,X8i ...(1). 

However, it must be borne in mind that the actual or 
useful work done by a machine is always a certain fractional 
part of the work applied ; this fraction determined for any 
particular machine is called the modulus of that machine. 
If m be put for this modulus, then we have from eq. (1) 

IM X P X S=P| X S| ... (2). 

In treating of the motion of these parts of a machine it is 

frequently most convenient to find an expression for their 

proportional velocities. Thus let the receiver move over 

12 ft. while the operator moves over 3 ft., then their velocity 

12 
ratio is expressed by -^, that is, in this case the receiver 

o 

moves with three times the speed of the operator. Or 

« 

generally let v and v be the respective velocities, then - is 

their velocity ratio. It will be observed, that this velocity 
ratio is not effected by the actual velocities of the parts. In 
ordinary machines the velocity ratio is constant, or, in other 
words, it remains the same for all positions of the machinery. 
In expression (1), s may be taken as the velocity of the 
power, and Sj that of the resistance; hence eq. (1) becomes 

p X velo. p=Pi X velo. Pj, 



. 



velo. p p 



velo. p 



1 



=-• ... (3). 



p 

Now — , or the resistance to be overcome divided by the 
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power applied, is called the advantage gained by the machine, 

velo» p 
and moreover — y~ — ^^ *^® velocity ratio of the moving point 

to the working point, or, in other words, the number of times 
that the velocity of the resistance is contained in the velocity 
of the power; hence irrespective of friction, &c., the ad- 
vantage GAINED BY A MACHINE IS EQUAL TO THE VELOCITY 
OP THE POWER DIVIDED BY THE VELOCITY OF THE RESISTANCE. 

This is called the principle of virtual velocities. Workmen 
express this law by saying, " what you gain in power you 
lose in speed." It will be instructive to consider the motion 
of machines in this simple aspect. 

15. Elementary Forms of Mechanism. — These consist of 
the following forms or pieces: — 

1. Jointed Rods or Link-work^ producing lever-motions, 

2. Straps^ cordSy or chains, producing motion by wrapping 
contact, cord-motions, 

3. Wheel-work, producing by rolling contact, wheel-motions. 

4. Sliding pieces, producing by sliding contact, sliding- 
motions or wedge-motions. 

The classification of the elementary pieces of mechanism 
here adopted, is only another aspect of the Jive mechanical 
powers. Thus No. 1. embraces the lever; No. 2. the pulley ; 
No. 3. the wheel and axle; and No. 4. the incline-plane and 
screw. 

The following may also be regarded as an element of 
mechanism : — 

5. Fluids, producing motions by the distribution of pressure 
on surfaces. 
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CHAP. m. 

ELEMENTARY FORMS OF MECHANISM. 
LINK-WOBK, PRODUCING LEVER-MOTIONS. 

'I6. Let fw be an inflexible rod or lever, turning upon 
the fixed centre c, and acted upon bj the pressures p and w 
applied perpendicularly to 

I 



^ 




the lever. Now when the 

lever comes to the position 

p Wy the power p has moved 

over the arc Pjp, while the 

weight w has moved over 

the arc w w ; these arcs, ^' ^' 

therefore, respectively represent the velocities of p and w. 

Here if the arm cp were double the arm cw, the velocity 
of p would be double that of w, for a double radius would 
sweep over a double arc. 

Again, let cp=5 ft., and cw=3 ft. 

In this case p describes an arc whose radius is 5 ft., while 
w describes an arc whose radius is 3 ft. 

Suppose w to move over 3 ft., then 

velo. w, or length arc rad. 3=3, 

/, length arc rad. 1=|^=1, 
.*. velo. P, or length arc rad. 6=6 times 1=5, 
that is to say, the velocity of p is to that of w as 5 is to 3, or 
velo. p__5 
velo. w""^' 

To find, in this example, the relation of p and w when 
equilibrium takes place. 

Here, while p moves through 5 ft., w moves through 3 ft, 
hence we have 

Work of p=p X 5, work of w=w x 3. 
' px5=wx3. 



• . 
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Now 5 is the length of the arm cp» and 3 that of cw, 
therefore, in this case, we have 

PXCP=WXCW. 

X7. Grenerally the velocity ratio of P to w will be the same 
as the ratio of Tp to wtr, or what is the same thing, as cp 
to cw, hence we have 

velocity p _ arc Tp cp ... 

velocity w~" arc WW cw *" ^ ^' 
Thus it appears, that the velocity ratio of the power and 
weight is the same as the ratio of the lengths of the arms by 
which they respectively act, 

18. To find the relation of p and w, when equilibrium 
takes place. Here, while the power p moves over the space 
p/>, the weight w moves over ww ; lence we have 

Work of p=sp X pp, and work of w=w x w w, 
/. PXP/i=wx WW; 
but Yp is the velocity of p, and w w the velocity of w, 

/, p X velo. p= w X velo. w, 

velo. p w 

• ^— • 

• • velo. w p ' 
hence we have by eq. (1), Art. X7., 

W_CP 

p~"cw' , 

orPxcp=wxcw... (1); 
that is, the power multiplied by the units in its arm is equal 
to the weight multiplied by the units in its arm. 

The product p x cp is called the moment of p, and w x c w 
the moment of w ; hence, when equilibrium takes place in a 
lever, the moment of the power is 
equal to the moment of the weight 

19. Levers are divided into three 
kinds according to the relative 
positions of the power and weight 
with respect to the fulcrum. Fig, s. 

Fig. 3. represents a lever of the first kind, where the power 
p and weight w act on opposite sides oi \3aft i\i\ft\\x\Q.^. 

B 6 
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B 



A^ 








Fig. 4, Fig, 5. 

Fig, 4. represents a lever of the second kind, where the 
power p and weight w act on the same side of the fulcrum f, 
but w is nearer to the fulcrum than p. 

Fig. 5. represents a lever of the third kind, where the power 
p and weight w act on the same side of the fulcrum f, but p 
is, in this case, nearer tor the fulcrum than w. 

The velocity ratio given in eq. (1), Art. 17-, as well as the 
equation of equilibrium given in eq. (1), Art. X8., apply to 
all these cases of levers ; thus we have 

velocity A __ fa 
velocity b fb' 

and PXFA=wxFB. 

20. To find the velocity ratio, S^c. in a system of rods or 
levers ab, bd, de, turning upon the fixed centres of motion 

c, Q, R. 

w 



B 



/^ 



^^5^^ 



J 



E 



\a 



Fig. 6. 



Let RE=2, RD=:8, QD=3, QB=6, 0B=4, and ca=12. 

Here the arm re is 2, and rd is 8 ; therefore rd is 4 
times RE, and consequently the velocity of the point d is 
4 times that of e. Let the velocity of the point b be unity 
then the velocity of d will be 4. 

In like manner, the velocity of the point e is 2 times that 
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of D, for the arm qb is double the arm qd ; but the velocitj 
of D is 4, therefore the velocity of b is 2 times 4, or 8. 

Again the velocity of a is 3 times the velocity of b, for the 
arm CA is 3 times the arm cb; but the velocity of b is 8, 
therefore the velocity of a is 3 times 8, or 24. Hence it 
appears that the velodty of a is 24 times the velocity of e. 
Let A move over the arc Aa, and £ over the arc Ee, then xa 
is 24 times £e. 

Collecting these operations, we have 

velo. A _RD ^ QB CA__8 6 12_24 

Velo. EREQDCB2 3 4 1* 

From this investigation it appears, that the velocity ratio 
ofv and w, is found by taking the product of the lengths of 
the arms lying towards P, and dividing by the product of 
those lying towards w. 

For the angular velocities of a and e, we have 

, arc Etf 1 

ang.velo. E=-^j-=2 

, arc Aa 24 ^ ♦ 

ang. velo. a=— :;;-: — =ys— 2> 



CA 



12 



. ang. velo. a _2_ . 
ang. velo. e ^"" ' 
that is to say, the angular velocity ratio is 4. 

And for the equation of equilibrium, we have eq. (3), 

w velo. p 24 
Art.X4., advantage gained, or -= ^^^^ ,^ =y* 



21. The arrangement of le- 
vers may take the form shown 
in the annexed cut; where 
the levers belong to the second 
kind. AO and BjQ are con- 
nected by the link bb^, and 
BiQ and BjR by the link dd^. 
Here, as in the last case, we 
hmve 
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Velo. P _BD| y QB| y CA 
Velo. W BE QD Cb" 

22. The levers or links may be in different plans as shown 
in Jig. 8. ; where ab is an axis 
taming freelj on the pivots at A 
and b; cd and ef are arms or 
levers attached to the axis. A 
pressure f applied to the extremity 
D of the arm cd will produce a 
motion in the extremity f of the 
arm ef in the direction fw. If 
CD and EF are perpendicular to the axis ab, then 

velo. D__CD 

velo. F EF 

23. In the bent lever pcw, turning on the centre c, the 
velocity of p will be to the velocity of 
w in the ratio of the circumference of 
the circle pk to the circumference of 
the circle wb, or what is the same 
thing, in the ratio of cp to cw. 

If the pressures p and w be applied 
perpendicularly to their respective 
arms, then we have for the condition of 
equilibrium, p x velo. p = w x velo. w, 
or pxcp=wxcw. 

24. Tojind the Velocity ratio in the Unh'work of Jig. 10. 
Where abo is a bent lever turning 

on the fixed centre b ; c d a link, with /^U 
joints at c and d, connecting the ex- 
tremity of the lever dp with o ; this 
lever turns on its fixed centre e, and f 
has a forked extremity p, which gives ^ ^ @ — ^ b 

a vertical motion to the rod gpk, ^o 
which is constrained to move in this 
direction by guides g and k in the form of rollers. 
Here the arm ba has the same angular motion as the aifn 




B 



'K 



Fig. 9. 



E 



:^=^ 



C A 
Fig. 10. 
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BC, and the extremity d of the lever dp has the same velocity 
as the extremity c of the arm bo. 

Let EF=2, £0=4, bc=3> and ba=12. Suppose the rod 
FG or the point f to have a velocity of unity. 

The velocity of D is 2 times the velocity of r, for the arm 
ED is 2 times the arm ef ; but the velocity of F is 1, there- 
fore the velocity of d is 2, and the velocity of c is also 2. 

The velocity of a is 4 times the velocity of c, for the arm 
ba is 4 times the arm bc ; but the velocity of c is 2, there- 
fore the velocity of a is 4 times 2, or 8. Thus it appears, 
that the velocity of a is 8 times the velocity of f. 

Or generally, the velocity of d is — times the velocity of 

£F 

F ; but the velocity of f is 1, therefore the velocity of d or c 

. ED 

is — . 

EF 

BA 

The velocity of a is — times the velocity of c ; but the 

ED R A 

velocity of c is — ; therefore the velocity of a is — times 

EF BC 

ED BA ED rvY, , •» 1 1 . i» . BA 

— or — X — . Thus it appears that the velocity of a is — 

EF BC EF ^'^ ^ BC 

ED 

X — times the velocity of f ; that is, 

EF 

Velo. A__BA ED 

velo. P BC EF* 

Adopting the preceding data, we have 

velo. A 12^4_o , - 

— 1 =-jr- X -r=8, as before. 

velo. F 3 2 



Oblique Lever, 

2B, A lever ab, turning on the centre c, is acted upon by 
the forces p and w, in the directions taq and sbr; it is 
required^ to find the velocity of P and w when the lever is 
turned very little round. 
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From let fall the perpendicnlars CQ and cb upon the 

respectiye directions of the forces p and w ; and conceive the 

cords to he fixed at q and n. Now as the lever is turned 

round, the points Q and b will descrihe arcs of circles, and p 

will have the same velocity as the point <^ and w the same 

as the point b ; hut these arcs are to each other in the ratio 

of their radii CQ, cb; and the velocities of p and w will 

ohviouslj he to each other as the respective lengths of these 

arcs, or what is the same thing, as their radii CQ and cb. 

Thus if CQ he 3 times cb, then the velocity of p will he 3 

times the velocity of w j or generally the velocity of p will 

he as many times that of w as the length of CQ is that of 

CB, or 

velo. p __CQ 

velo. w cb' 

which is the velocity ratio of p, w. 

And for the condition of equilihrium, let CQ=12 ft., and 

CB=:3 ft, then the velocity of p will he 4 times that of w ; 

that is, if we takq the velocity of w=3 ft., then velocity p= 

4 times 3 ft. =12 ft. 

/, work of Ps=P X 12, and work of w=w x 3 ; 

/. PXl2=wx3, 

hut 12 is the length of the perpendicular CQ, and 3 that 

of CR, 

/. PXCQssWXCB. 

The product of any force hy the perpendicular on its 



LINE-WORK : CRASSS. 



17 



direction is called the moment of that force : hence the mo- 
ment of p is equal to the moment of W. 

26. Let CF and da be two rods, turning on the centres 
and D, connected hy the link ba (see cut, Art. 31.). IS the 
rods be moved very little from their present position, the 
points Q and R will have the same velocity ; let this velocity 
be 1, and letCQ=6, and dr=3 ; then the angular velocity of 

CP=^ — =i, and that of da= — =4 : therefore, in this case, 

the angnlar velocity of da will be double that of Cp. 



27> A rotatory motion may be communicated to an axle 
by means of links ; the 
most simple instance 
of this kind occurs in 
the single crank and 
connecting rod. c is 
an axis to which 
wheels or any other 
kind of mechanism 
may be attached; CD 
a link or arm, called 
ft crank, fixed to the 
axis c and having a 
Joint at D to which the ' 
connecting rod da is 
attached. Now if an 
up and down motion 
be given to da, the 
extremity d of the 
crank will move in a 
circle, and thus a continuous rotation will be given to the axis 
C. When the crank arrives at the poiiition o», where itis in 
the same line with the connecting lod, it u «»&. va'XwkNst. <sb.«. 




Fig. IS. 
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of its dead points, for then the pressure upon the connecting 
rod has no effect in turning the crank ; but in general the 
inertia of the machinery and fl j-wheel f carries the crank 
beyond the dead points. It will be seen, that the crank has 
to pass over two dead points in the course of one revolution. 
In order to avoid this irregularity in the acticm of the con- 
necting rod, two cranks are sometimes phiced, on the same 
axis, at right angles to each other. The connecting rod, 
in a steam engine, is usually attached to 
the extremity e of the great beam. 

28. Fig. 13. shows how a rotation of the 
axis c is communicated to another axis a. 
Here the cranks cd and ab are of equal 
length, and the connecting rod db is equal 
to OA the distance between the two cen- 
tres of motion. In aU positions of the 
mechanism, the figure cdba will be a 
parallelogram, and the velocity of b will 
always be equal to the velocity of d. It 
is also obvious, that two sets of cranks 
may be placed upon the axes, having the 
corresponding cranks at right angles to 
each other. The advantage of this arrangement consists in 
having a constant moving pres- 
sure kept up, by which means 
the motion is sustained without 
the aid of the inertia of the ma- 
chinery. This contrivance is 
more fully represented in fig. 
14.; where the cranks a, by c, 
and d are formed by bendings 
or loops made in the axes ab and 
CD, which must obviously be par- 
allel to each other, and the con- 
necting rods ab and dc must be 
of equal length. ^ Fig, 14. 




Fig. IS. 
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29. Fig. 15. represents a common application of the crank ; 
where a is a wheel whose axis is c, to 
which a continuous rotation is given 
by means of the crank CD, the con- 
necting rod DB, and a foot-board fb. 
This foot-board turns upon f as a 
centre, and is connected with the ex- 
tremity B of the rod db by means of 
joint, or it may be by a simple hook 
and loop. When the foot of the ope- 
rator is pressed, for an instant, upon Pig* i^- r 
FB the crank is turned round, and the inertia of the wheel 
carries it round to the first position, shown in the figure ; 
then the pressure is again applied, and so on to any series of 
rotations 




Bent Lever, 



30. The property of the bent lever given in Art 28. maybe derived 
more strictly as follows: 

The bent lever acb turns upon its centre c, by the action of the 
forces p and w applied obliquely 
to the arms ca and cb: it is re- 
quired to find the velocity ratio of 
the motion of p and w, estimated 
in their respective lines of action 
AP and BW. Let cq and cb be 
perpendiculars f^om the centre of 
motion c, upon the directions of 
the forces, and let the lever acb 
be moved into the new position *^* 

ach very near to the first. From a let fall ae perpendicular to pa 
produced ; then while the extremity a of the arm c a describes the arc 
▲a, the force p will have moved, in the line of its action, through Ae. 
Now when the change of position is indefinitely small, the circular arc 
▲a becomes a straight line perpendicular to ca, and Aea is a right- 
angled triangle; moreover, if a a be the velocity of the extremity of 
the arm c a, the velocity of p, in the direction pe, "^^^Xia K.e« 
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Because ^cAa is a right angle, the LaA,t is equal to the ^ ac<^ 
and the triangles Aea and acq are eqniangolar, 

.'. Aa:cA::Ae:cQ 

. Aa Ae Tela p 



CA CQ CQ ' 



Aa . 



bat — is the angular velocity of the rod c a, 

Telo> p 
.*. ang. velo. ca« ... (I). 

CQ 

In like manner, we most have 

, velo. w 
ang. velo. cbsb .. 

^ CR 

Now as ACS is rigid, the angular velocity of the arm ca is equal to 
the angular velocity of the arm c b : -— 

. velo. p __ velo. w 
•• "cqT cr ' 
. velo. p _CQ 
•• velo.w CR*'* ^ ^' 

which is the velocity ratio required. From which it appears, that tht 
vdocitiet o/f and w are to each other in the ratio of the perpencUcvlars 
let fall from the centre of motion upon their respective directions. 

When equilibrium takes place, we have on the principle of work, 
Artl«. 

Work on p=p x velo. p; work on w=w x velo. w, 
/. p X velo. p. = w X velo. w ; 
. velo. p_w 
* • velo. w ¥* 
Hence by eq. (2), we have 

W CQ 
P CR* 

/. PxCQ=wxcR... (3); 
that is to say, the pressure p multiplied by the perpendicular on its 
direction is equal to the pressure w multiplied by the perpendicular on 
its direction. This is the great principle in the equality of moments. See 
the author's " Exercises on Mechanics," page 64. 

To find the velocity ratio in a general form of link-work, 

31. The link pa connects two rods cp and da, turning upon their 
respective fixed centres of motion c and d. From the centres c and d 
let fall the perpendiculars cQ and dr upon the direction of the link pa 
produced. Put v for the velocity of the point p or a in the direction 
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Fiff. 17. 





f{ 



•• ...0/ 

PA ; then by eq. (1), Art 80,, we have 

ang. vela cp= — 

ang. velo. da^ — ; 

hence we have by division, 

ang. velo. cp db ,,^ 

— - — i «* — ... (1); 

ang. velo. da cq ^ 

that is to say, the angular veiocitiea of the arms cp, pa are to each other 
inversely as the perpendiculars from their centres of motion upon the line of 
the link. 

Join CD cutting the link in the point e, then the triangles CQe and 
D Re are equiangular, 

. DR_DC 

•• CQ ce' 

hence eq. (1) becomes 

ang. velo. cp __Dg . . 
ang. velo. da ce 

that is to say, the angular velocities of the arms cp, pa cure to each other 
inversely cu the segments into which tlie link divides the line joining the 
centres of the arms. 

When the rod da becomes parallel to cp, the triangles DAe and cpe 
are similar, and then 

D« DA 

ce cp' 
in this case, therefore, eq. (2) becomes 

ang. vela cp da 
ang. velo. da cp' 



9Z. Ir cords were pertetHj flexiUe and eoold be moved 
ova a Hir£Me witlxnit friciiMV tber might be need alone for 
cofnmiiiueatii^ motioti in anj direetiaa ; bat as this is not 
the oue, Umj are em^ojed with wbedit^ u in the poQej, in 
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33. When a rope pabv pueea oto- a 
fixed wheel c taming ra an axi^ the me- 
jrfi««;«m is called a poUej. A fcrce pollii^ 
flt the cord FA causes the wheel c to torn 
npoa its axis from the friction of the ccsd 
on its edge, and as the wheel toms it gives 
off cord equal in Length to the space de-^ 
scribed by its cimunference. 

Here the motion of r and w must be equal, 
for whatever spsce p maj descend, w will ascend throogh 
the same qwoe. Horeorcr when 
eqnOibrinm takes place, die ten- 
rion or sketch of the single <xai 
PABW most be the tame in everj 
part, and the tension of the por- 
tion AP will be tbe same as the 
tension of the portion b w ; there- % 
fore the weight r mnst be equal 
to the weight w in order to pro- 
dnc« these equsJ tensions. 
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A pulley consists of a wheel having a round groove 
made in its edge or circumference for receiving a cord ; 
this wheel is placed in a frame^ and turns on an axis resting 
between the sides of the frame. 

34. The endless cord or belt abgd passes round the 
wheels ab and dc fixed to the revolving axes ef and kq^ 
and transmits motion from the axis ef to the axis kq. 

Here the circumferences of the wheels have the same 
velocity, for the cord which is given off from the wheel dc 




Fig. 20. 



passes round the wheel ab; if, therefore, the wheel dc 
makes 1 revolution, then the number of revolutions made 
by AB will be the number of times that the circumference 
of AB can be taken out of the circumference of dc, that is, 

^■r circum. DC radius dc 

No. revo. ab = - — or —.. . 

circum. AB radius ab 

If the wheels be equal they will obviously perform the 
same number of revolutions in the same time. 

In^g, 20. the cord is said to be direct, and the motions of 
the wheels take place in the same direction. In Jig. 21. the 
cord is crossed, and the motions of the wheels take place in 
opposite directions. 

35. In Jig, 23. f is a fixed pulley and c «t TCL'Ofs^^i^^ ^^<6\ 
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the angle or cootiniioiu 
cord PKQABD puses oTer 
the wheels f and c and is 
fixed to a hook d. If w 
with its pollej c ascend 
1 foot the cords bd and 
AQ win each be shortened 

1 foot, and therefore the 
cord KP will be lengthened 

2 feet; that is, thcTelocitj 
of p will be double the Te- 
locity of w. 

When the forces p and 




/y. M. 



^^(.83. 



w balance each other, we have on the principle of work :— 
Wwkof P=px2, Woikofw=wxI, 
/. px2 = wx 1, 
or w=2p; 
tlK.t is to saj, the power applied wiU raise twice its wdght 
Frindple of tension. — ^The single cord pqbd will haye 
the same tension in CTerj part ; now w hangs by the two 
cords BD and aq, therefore each cord must sustain a weight 
equal to one-half w ; that iS| the cord aq will have a tenskm 
of ooe-half w; but this tension is resisted by the power at p, 
therefore p must also be one-half w. 

In like manner iny£^. 22. the velocity of p will be double 
the Telocity of w. 




F!g. 24. 
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30. Id thig airangemeat (see jig. 24.) & single cord is 
doubled three times, but at each duplication the cord given 
off is equal to twice the apace through which the pulley 
ascends, therefore the velocity of f will be 6 times the velo- 
city of any of the weights w. 

37. In this aystem there la also a eingl« cord, and the 
lower or moveable block is suspended by 6 
cords. If w with its block ascend 1 foot, 
each of these cords will be shortened 1 foot, 
and therefore tlie cord p will be lengthened 
6 feet ; that is to say, the velocity of p will 
be 6 times the velocity of w. 

Principle of tension. Here a single or 
continuoua cord paasea round the wheels, 
therefore every part of the cord mnat have 
the same tension ; but vr hanga by 6 cords, 
therefore each cord will carry one-sixth of 
the weigbt W, and consequently the power p 
must also be one-uxtii of w. If w be 121bB. 
support one-sixth of 121b8. or 21bB., therefore 
2 lbs. 

38. In the tr^tem of pulleys represented \afig. 26. there 
are three distinct cords and three moveable pulleys, making 
three duplications of cord; therefore sapposing w, with its 
pulley, to ascend 1 foot, the velocity of each successive pulley 
will be double that of its preceding one, and also the velocity 
of the power r will be double that of the last pulley ; that is 
in this case, p will descend S feet, or 

velo. p=velo. w x 2 x 2 x 2=2* x velo. w j 
generally if there are n moveable pulleys, then 
velo. p=2" X velo, w. 
Principle of tension. Let w be 8 lbs., then the cords 
pg and c will each have a tension of 4 lbs. ; as the cord p, 
has a tension of 41bs., the cords f, and b will each have 
a tension of 21bs. ; as the cord p, has & tenwKiti^ TCca. 'Cti'Sk 



fV. 35. 



each cord will 
must be 
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I^. 26. Fiff. 37. 



cords p and A will each have a tenaion of lib. ; but tbe cord 
D has the same tension as the cord p, therefore the pover f 
must be 1 lb., that is a power of 1 lb. will sustain a weight of 
8 lbs. 

39. The system of pulleys represented in/igi. 27 and 28. 
is the same in principle as that of j^. 25. 

40. In the system^. 29., with the view of reducing the 
friction, the wheels in each block are cut out of a solid piece 
of timber, and consequently turn upon the same centre. In 
order to suit this arrangement the wheels must have diBerent 
sizes corresponding to the Telocittes of their respective 
cords. 

Let w and its block ascend 1 foot, then the cords la and 
12 will each be shortened 1 foot, and therefore 1 foot of 
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pass over the wheel 1 1, while 2 feet must pass 
vheel 22; now these 2 feet of cord move in the 
i 3, but the wheel 3 3 rises 1 foot, therefore 3 feet 
ist pass over the wheel 3 3 ; these 3 feet of cord 
he direction 3 4, but the cord 3 4 is at the same 
ened 1 foot bj the ascent of the lower block, there- 
t of cord must paas over the wheel 4.4 ; these 
cord move in the direction 4 5, but the wheel 5 5 
t, therefore 5 feet of cord must pass over the wheel 
5 feet of cord move in the direcljon 5 6, but the 
at the same time shortened 1 foot by the ascent of 
block, therefore 6 feet of cord must pass over the 
; and these 6 feet of cord move in tbei direc- 



^A- 



ng these results, it appears that the wheel 1 1 

I off 1 foot of rope; 3 2 must turn off 2 feetj 

turn off 3 feet ; 4 4 must turn off 4 feet ; 5 5 must 

feet ; and 6 6 must turn off 6 feet Kow as the 

each block, having the same axis, perform a revo- 

he same time, it follows that their circumferences 

I each other as the lengths of cord 

iy have respectively to turn off; 

the circumferences, or diameters of 

I in the upper block must be- as the 

bers 6, 4, and 2 ; and those in the 

k as the odd numbers 5, 3, and 1. 

: two systems of pulleys, represented 

and 31., are called Spanish Bartow. 

rstem there are two moveable pnl- 

ixed pulley, and two single cords. 

10. let w, with its pulley cq, ascend ' 

n 2 feet of cord must pass from the 

; but at the same time the cord sd 

ed 1 foot, therefore the pulley A 

ind 1 foot, and from this cause 2 feet ^'^- ^■ 

ist pass from the pulley a ; but 2 insx ^ txiA. "A 
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pass from the puUej go, therefore 4 feet of cord most pass 
from the pulley A, that is, p must descend 4 feet. Hence the 
velocity ratio of p to w is as 4 to 1. 

Principle of tension. Let psl lb., then the cord pacgh 
being a single cord, the cords pa, ao, and gh^ will each 
have a tension of lib. ; but the cord ab has a tension of 
2 lbs., for it sustains the tensions of ap and ag ; now 
ABDE being a single cord, the cord ed has the same ten* 
sion as the cord ab ; that is, ed must sustain a tension of 
2 lbs., but the cords gh and ac have each a 
tension of 1 lb. ; therefore w must be 4 lbs., 
in order to produce the tensions of gh, ed, 
and c A* Hence if p be 1 lb. w must be 4 lbs. 

42. In Jig. 31. let w, with its pulley CD, 
ascend 1 foot, then the cord if will be short- 
ened 1 foot, and therefore the pulley b with 
the cord ed must descend 1 foot ; but the pul- 
ley CD ascends 1 foot, therefore 3 feet of cord 
must pass from the wheel CD; these 3 feet 
move in the direction cg, but the pulley b 
descends 1 foot, which causes 2 feet more to 
pass from the wheel b ; that is, 5 feet must 
pass from the wheel b, and the power p must 
descend 5 feet. Hence the velocity ratio of 
p to w is as 5 to 1. 

Principle of tension. Let p= 1 lb., then 
pbgcde being a single cord, the cords pb, go, and dr will 
each have a tension of 1 lb. ; but the cord ba has a tension 
of 3 lbs., for it sustains the tensions of pb, gg, and db ; now 
bafi being a single cord, the tension of the cord if has the 
same tension as the cord ba ; that is, if must sustain a ten- 
sion of 3 lbs. ; but the cords cg and de have each a tensi(Hi 
of 1 lb., therefore w must be 5 lbs., in order to produce the 
tensions of if, CG, and de. Hence if p be 1 lb. w must be 
5 lbs. 




Fig, 31. 
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Fig. 32. 



Gnide PvUeys^ 

43. The direction of motion in cords may be changed into 
any other direction by the intervention 
of Cruide PuUeys, Thus e and g are 
guide pulleys changing the motion of the 
cord dc into any other direction ga. 
The cords de and eg should be in the 
plane of the pulley e ; and the plane of 
the pulley^ should be in the plane of 
the cords eg and ga. If the directions 
of the cords d c and g a are in the same plane, one guide 
pulley would serve the purpose. 

44. Two guide pulleys d and e may be employed to trans- 
fer motion from the wheel A 
to the wheel b^ whose axes 
have any given direction. 

Let DE be the line where 
the planes of the two wheels, 
A and B, intersect. In this 
line assume any two conve- 
nient points, D and e ; and in 
the plane of the wheel a, 
draw the tangents dc and 
EH; and in like manner, in 
the plane of the wheel b, 
draw the tangents do and 
ef; then CDGFEH will be 




Fig, 33. 



the path of an endless cord, which may be kept in this path 
by a guide pulley at d in the plane of cdg, and another one 
at E in the plane of hef. 



Forms of Wrapping Connectors^ 
45. If a tight belt run on a conical wheel ^l\v^Vix^i:s^^^^ 



c 3 
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on its axis, the belt will gradually 

advance towards the broad side 

of the wheel, owing to the belt 

being more stretched on that 

side than on the other. This 

curious property is used in the 

construction of wheels to wluch 

motion is given by belts. Thus 

in order that a belt may not •^^' ^^ 

shift along the edge of a wheel, this edge is 

made to swell a little in the middle, as in the 

annexed figure. 

46. When a wheel presents considerable c 
resistance to motion, belts and cords are liable 
to slide upon the wheel ; in such cases geering 
chains of a variety of forms have been used. 

Fig.ZQ, shows a geering chain where the 
links lay hold of the teeth formed on the wheel. 



Fig. 35. 




Fig. 36. 




Fig, 37. 



Fig. 37. shows another form of geering chain, where the 
links (jointed together something like a watch chain) carry 
teeth, which pass into notches made on the edge of the 
wheel. 

47- When two wheels or rollers have to make only a 
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limited number of revoludona in each directdon, the slipping 
of the cord may be completely ^ ^ 

prevented by having a cord coil- 
ing round each end of the rollers, 
as in j«^. 38. While the cord is 
being coiled on the extremity d 
of the roller a, it is uncoiled 
from the extremity c of the roller 
b; and at the same time, while *''^' ^^' 

the cord is uncoiled from the eztrenuty a of the roller a, it 
is coiled on the extremity b of the roller b. 

HHieel and Axle, vixtk Cord Conneetort. 

48. The common wheel and axle conusts of a horizontal 
axle A and large wheel r, which 
turn upon two pivots supported 
in gudgeons. A cord wrapping 
round the axle A snetains the 
weight w, and another cord ^ 
wrapping round the wheel b, ii 
contrary direction, sustains the I 
power p. 

"Let the wheel with the axle 
ma^e one revolution in the di- 
rection of the arrow p, then one 
coil of cord will be thrown off the wheel K, while one coil 
will be wrapped upon the axle a ; therefore p will descend a 
space equal to the circumference of the wheel b, while w 
will ascend a space equal to the circumference of the axle ; 
that is, the velocity of p will be as many times the velocity 
of w as the circumference of b is that of the circumference 
of A ; or we have 

velo. P _circnm. wheel b radius b .^ . 
velo. w*~ circum. axle A radius a *" ^ '" 

If the circumference of the wheel b be double that of the 
axle, then the velod^ of p will be doaVAft \.\i% N&<ys&i (^"^ - 



ixle conusts of a horizontal 



Fig. 39. 
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Fat the coodition of eqailibriiiiii, we have on the prinri^ 
of.ork, 

PXTelo. p=wxvelo. w, 

velo. p w ,. . , , , . 

.*. — ^ = - , therefore by eq. (1 ), 

Tr_ rftdiua wheel k 

p radiuB &xle a ' 

OF pxndiiu wheel=wx radius axle ... (2). 

If the radius of the axle be 2 inches, and the radius of the 

wheel 14 inches, then the weight raised will be 7 times the 

power applied -, thus 

w radius wheel _ 



p radius axle 
49. If instead of the 
wheel R, a handle is em- 
ployed, to which a drcu- 
lar motion is given bj 
the hand, the machine 
is called a Windlass. 
Thus, in the annexed 
flgnre, cs is the axle, 
wthe weight; cbd the 
handle, the power being 







Fig. 4a 



applied at d. Here the length of the handle CD is the ra- 
dius of the circle described by the power. 

SO. When the axle is placed in a verlicBl position, and the 
power is applied by means 
of bsrs or levers inserted 
into the holes at h, the ma* 
chine is colled a Capstan. 
In this case the cable coils 
round the axle in the form 
of an endless rope, which 
winds round the lower part 
of the axle, and at the same 
time nnwinds from the up< 
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per. The axle is made conical^ to enable the workman to 
shift the cable upwards, as it becomes necessary. 

5L In the compound wheel and axhy the axle is made of 
different thicknesses as at ▲ 
and D, and .a cord coils round 
these parts in different direc- 
tions. This cord passes round 
a moveable pulley bo, from 
which the weight w is sus- 
pended. 

In one turn of the handle p, 
the cord ab is coiled up once 
round the large axle a, while *^* 

the cord DC is uncoiled once from the small axle d» therefore 
the cord dcb a is shortened by a space equal to the difference 
of the circumferences of a and d, and the weight w must 
rise a space equal to half this difference ; that is. 

The space moved over hyvris equal to half the difference 
of the circumferences of A and d. 

And the space moved over byYts equal to the circum- 
ference of the circle described by P. 

But these spaces are described in the same time, there- 
fore they may be respectively taken to represent the veloci- 
ties of w and p. 

Ex, Let the diameter of A=6in., diameter of D=4in., 
and length of the handle po=20 in. 

Here we have 

Space moved over by p=2 x 20 x 3a416=40 x 3-1416. 
Circum. A«:6 x 3*1416; circum. d=4 x 3-1416 ; 
/. space the cord dcba is shortened=6x3'1416-4x 3*1416 

=2 X 3-1416; 
.*. space moved over by w=i of 2 x 3-1416=3-1416 ; 

but the space moved over by p is 40 times this quantity ; 
therefore the velocity of p will be 40 times the velocity 
of w. 

o 5 
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Now by the principle of work^ Art. 14., the velocity of p 
is as many times the velocity of w as the weight of w is that; 
of p ; therefore in this case w must be 40 times p ; that is, 
the pressure applied at the handle will be increased 40 times 
in this machine. 

Generally let /»the length of the handle po, B^the radios of a, 
r «the radius of d, and t»3*1416 ; then, in one revolution. 

Space moved over by PB2TiL 
Circnm. Ab2tr; circum. Ds2Tr ; 
.*. Space the cord dcba is shortened»2TB— 2Tra2T(B— r), 
.*, Space moved over by w=aj of 2x(b— r)— w(b— r). 

Comparing this equality with the first, we have 

space moved over by p 2x1 2/ 
space moved over by w » (b — r) b— r 



that is, 



vela p 2/ 



... (1), 



velo. w B— r 

which is the velocity ratio of p to w. 
Now on the principle of work, Art 14., this velocity ratio is equal 



top 



w 

p 



2/ 



(2). 



B— r 

In the example above given, /»20, b»3, and r^2f 

w 2 X 20 



=40, as before. 



52. In this figure f represents a wheel with its axle bc 
turning on a common axis, 
and AD another wheel, ^ 
with its axle E. The /x7 
power p is suspended by 
a cord which wraps 
round the wheel f ; and 
the weight w is suspend- 
ed by a cord which wraps 
round the axle e. Motion 
is transmitted from p to -%• ^^' 
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w by means of a cord or strap passing round the axle bc 
and wheel ad. 

Let the wheel ad, with its axle e, make one revolution, 
then the cord ew will be coiled up once round the axle £, 
and the number of revolutions made by the axle bc, with its 
wlieel F, will be equal to the number of times that the cir- 
cumference of BC is contained in the circumference of ad ; 
and moreover the cord fp will be uncoiled from the wheel f 
as many times as it makes revolutions. 

Ex. Let the diameter of F=36in., diameter CB=4in., 
diameter ad=48 in., and the diameter e=3 in. 

Let the wheel ad make 1 revolution, then 

Space moved over by w=circum. e=3 x 3*1416. 
Circum. ad=48 x 3'1416 ; circum. bc=4 x 3*1416 ; 

T^ , , 48x3*1416 -„ 

/, No. revo. bc or wheel f=--; — o i^t^ =12» 

4x3*1416 

Cord given off from f in 1 revo.=36 x 3*1416 
/. „ „ „ p in 12 revo. =12 x 36 x 31416. 

That is, space moved over by p= 12 x 36 x 3*1416 ; 

but the space moved over by w in the same time is 

3 X 3-1416 ; 

velo. p 12 X 36 X 3-1416^_- . . 

- — 144; 






velo. w 3x3*1416 



that is, the velocity of p is 48 times that of w. 

And by the principle of work, Art. 14., w must be 144 
times p when equilibrium takes place. 

Or generally, let D—the diameter of f, d^ite diameter of bc, d, = 
the diameter of ad, and di « the diameter of e. Let the wheel ad make 
1 revolntion, then 

Space moved over by ws circum. essvJ,. 
Circum. ad^td,, Circum. Bc^wd, 

,*, No. revo. bc or wheel f= —4"^-} 

ira a, 

C 6 
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Cord given off from r in 1 rero. »■ vd, 

. . ra n »• ^ "i ^^^ ■■ rf tones »», 

that 18, space moved over by p- -} times »d« —y-'t 

a o 

comparing this with the first equality, we have 

space moved over by p ^ypp, _^ , _i>i>i 
space moved over by w d~ ' '~*rfrf/ 

^, . . velo. P DD, ,,. 

which is the velocity ratio of p and w ; where tfte product of the dia* 
meter of the wheels ie divided by the product of the diametera of the axles. 

In the example above given, p»36, c/^i, d,»48, and di^S, 

velo. w 4 X 3 
Also on the principle of work, see Art lft«, 

DD 



p"^-^^^- 



Speed PuUeys. 

53. Let AB and CD be two parallel axes 
upon each of. which is fixed a series of 
pulleys of different diameters, and adapted 
for belts. By shifting the belt from one 
pair of pulleys to another, a change in the 
velocity ratio of the two axes is produced : 
thus, if the belt passes over the first pair at 
B and D, the axis ab will have a slower 
motion than that of gd, and so on to other 
cases. Such arrangements are called speed 
pulleys. In order that the same cross belt 
may exactly fit every pair of pulleys, they 
are cut out of two equal cones and placed 
in the manner shown in the figure. 




c 




^ 



-i. n 



^ 



Fig. 44. 
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Fiff, 45. 




Fig, 46. 



The two equal plain cones, shown 
in ^. 45., will obviouslj answer the 
same purpose. 

The Fusee of a Watch. 

54. A is a plain cylinder or drum, 
turning on the axis ad ; B is a solid 
truncated pulley or fusee, on whose 
surface a spiral channel is cut; a and 
B turn upon axes parallel to each other ; ac db ib n cord or 
chain, which goes about the drum a, 
winds round the spiral of the fusee, 
and has its extremity fixed at the apex 
b. Now if A be turned uniformly 
round, the fusee b, by means of the 
chain, will be turned round in the 
same direction, but with a variable ve- 
locity; this velocity will be propor- 
tional to the distance of the cord from the axis. 

In a common watch, a spring is enclosed in the hollow 
cylinder a, to give it a rotatory motion ; and in order to equal- 
ise the varying force of the spring, as it uncoils itself, the chain 
is made to act with an increasing leverage on the fusee. 

To produce a variable Velocity. 

55. Fig. 47. represents a contrivance for giving a vary- 
ing velocity to the axis d, by 
means of an endless band qrb. 
Here c is the axis of a driving 
pulley, whose edge is curved in 
such a manner as may be re- 
quired to produce the varying 
velocity ; d r is a circular pulley 
fixed on the axis d; in order 
to keep the band constantly 
stretched, it passes over a 
stretching pulley b, having a 




Fi9»A1. 
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weight w suspended from it. Suppose the axis o to revolve 
uniformly, then, owing to the eccentricity of the pulley c, a 
varying length of cord will be passed off, and therefore a 
varying motion will be produced in the pulley d. Let CQ 
and DR be perpendiculars on the cord qr, then, by Art. 56., 

ang^vela_c__DR 

ang. velo. d cq» 
To find the ratio of the angular velocities of two eccentric wheels, moved 
by a cord wrapping over each. 

86. Let PA be a cord wrappmg round 
the two wheels whose centres of motion are 
c and D ; then the line pa will form a tan- • 
gent to the two cnrres forming the edges of 
the wheels. On pa produced let fall the 
perpendiculars cq and dbj then the velo- 
city of the cord pa will be equal to the 
velocity of the point q, and at the same time 
also equal to the velocity of the point r; 

/, velo. Q.=velo. r, 
each being estimated in the direction pa; 




Ft5L48 



but 



velo. Q=ang. velo. cq x cq 
=aDg. velo. cp X CQ, 
and velo. R^ang. velo. dr x dr 
s^ang. velo. da x dr, 
.*. ang. velo. cp x CQ=sang. velo. da x dr ; 
. ang. velo. cp _dr 
" ang. velo. DA cq' 
that is to say, the angular velocities are inversely as the perpendictdars let 
fall upon the cord, from the centres of motion. 

To find the velocities of the weights p and w attached to pulleys when the 
connecting cords are not aU parallel to each other. 

57. Let A be a moveable pulley, with its weight w, suspended from 
the cord pcab, passing over a fixed 
pulley, and attached to a hook b in the 
same horizontal line with c. From a let 
fall AK perpendicular to cb; then it is 
obvious, that ab must be equal to ac, 
and that a mast move in the vertical 
line A K. Let A move from a to r ; with 
cr and Br as radii, and on c and b as 
centres, describe the arcs ra and rn; jPi^. 49. 
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then the cords ac and ab will be respectively shortened by a a 
and Aft; 

.*. space descended by p » a a + a n « 2 Aa ; 
but space ascended by w»Ar; 

/. velo. p : velo. w : : 2 Aa : Ar 
, velo» p _ 2Ag 
• * Telo. w" Ar ' 

Now when the motion Ar is indefinitely small, the arc ar becomes a 
straight line perpendicular to ac, therefore the triangles Aar and akc 
are similar, and 

•• Ar*"Ac' 

• I???lZ«2x— (I) 
velo.w AC ^ ^ 

This expression may be put into a trigonometrical form, for we have 

AK 

«:COS. CAR or COS. PC A.' 

AC 

hence eq. (1) becomes 

velo. p ^ ,„. 

—. =2 X COS. PC A ..-. (2). 

velcw ^ ^ 

On the principle of work, we have 

p X velo. p =s w X velo. w, 

" velo.w p' 
therefore by eq. (2) 

— =tPx2 COS. PCA, 

' p • 

or w =p X 2 COS. PCA ... (3), 
which is the equation of equilibrium. 



CHAP. V. 

WHEEL-WOBK, FBODUOlKa BY BOLLING CONTACT — WHEEL- 
MOTIONS. 

58. Teos figure sbows two wheels or cylinders, a and b, 
in contact with each other, and revolving upon their re- 



J 
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spective axes ef and cd, which are 

parallel to each other. Now if the 

wheels are in contact in any one 

position they will obviously be in 

contact in any other position ; hence 

they will roll upon each other, and 

if B revolve on its axis ef, it will 

communicate a rotary motion to the 

wheel A, in a contrary direction, by 

the friction or adhesion of the parts ^S' So. 

successively brought in contact. The edges of these wheels 

will obviously have the same velocity. 

If the radius of a be 3 times that of b, then the circum- 
ference of A will also be 3 times the circumference of b ; 
therefore for every revolution which a makes, b will make 3. 
Or generally, as many times as the circum. of b can be 
taken out of the circum. of A, or what is the same thing, as 
many times as the radius of b can be taken out of the radius 
of A, so many times will b revolve, while a makes one revo- 
lution. 

59. Owing to the practical difficulty of making wheels 
exactly to roll on each other, it is customary to form the edges 
of the wheels into teeth^ which must be placed at equal dis- 
tances from each other on the edges of the wheels, so that 
when one wheel is turned, its teeth shall successively enter 
into the spaces formed on the edge of the other wheeL 
When a tooth is about to quit its corresponding space, the 
next tooth in succession enters the next space, and so oh 
continually; thus the one wheel cannot escape from the 
other, which may happen in the case of simple rollers, even 
should there be some slight error in the construction. 

Spur Wheels. 

60. If the toothed wheel b drive the toothed wheel A, 
then B is called the driver and a the follower. Wheels 
acting in this manner are also called Spur wheels. 



BFCB WHEELS. 
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Small toothe4 wheels are called pimont ; thus b maj be 
called a pinion in relation to a. Two 
toothed wheels are said to be in gear 
when their teeth are engaged together, 
and oat of gear when the^ are iepa- i 
rated. 

If B oonttuu 15 teeth and a 90, then ^ 
B must turn round 6 times in order 
that A maj tnra roond once. Or, 
generally, if a. make one revotntion, 
the number that b will make is found 
by dividing the number of teeth in a 
by the numher in b. Or since the nmnber of teeth in the 
wheels are proportional to their radii, the number of revo- 
lutions of B will also be found by dividing the radius of a by 
the radius of b ; thus let the radius of a be 1 5 in., and that 
of B 8 in. ; then b will make 5 revolutions while A makes 




Fig. SI. 




01. To find the velocity ratio of f and w in the system of 
wheels shown in ^. 52. Let the diameter of the axle 
o=4 in. i number of teeth in the wheel T=32 ; numbec «£ 
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teeth in the pinion t=8 ; in the wheel S:=21 ; in the pinion 
R=::7 ; and the diameter of the wheel a=s24 in. 

Suppose the pinion o, with its wheel y, to make 1 revo- 
lution, then 

Space moved over by w=4 x 3'1416. 

T.^ ^ no. teeth in v 32 . 

No. revo. of t or 8= r — n— : — =-^=4. 

no. teeth m t 8 

21 
No. revo. of r or a, when s makes 1 =-=-=3, 

/• „ ,y „ „ when s makes 4=4 times 3=12 ; 

that is the wheel a makes 12 revolutions ; 

/. space passed over by p=circum. a x 12 

=24 X 12 X 3-1416 - 288 x 3-14ia 

Therefore the velocity of p is to the velocity of w as 
288x3-1416 is to 4x3-1416, that is, the velocity of p will 
be 72 times the velocity of w. And on the principle of 
work, the weight of w will be 72 times that of p, when 
equilibrium takes place. 

62. In the train of wheels represented in Jig. 53., let 
Nj, N2) Ng, &c. be the number of teeth in the driving wheels, 
and nj, n^ n^ &c. the number in the driven wheels or 
followers. 




m 



Fig. 53. 

Let the driving wheel Ni make one revolution, then the 
follower », will make ~ revolutions ; while Na makes one re- 



No N 

volution Wj will make — = revolutions, but »« makes ~ revo- 
lutions. therefore n^ will make * x — revolutions ; and so on, 

' * an m ' ' 



n\ n^ 
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80 that while n^ makes one revolution, we have 

No. revo. of »«=— x ~ X -2=-* ^ ^ 

3 «. «. -» w, xwaXWa 



that is generally, the number of revolutions of the last foU 
l<mer in the train wUl he equal to the product of the number 
of teeth in the driving wheels divided by the product of the 
number of teeth in the followers. 

Annular Wheels, 

63. When one wheel transmits motion to another, as in 
fig, 51., where the teeth are cut on the 
external edges, the wheels revolve in 
contrary directions ; now in the annular 
wheels, represented in^. 54., the large 
wheel A has its teeth' cut on the internal 
edge of the annulus or rim, which 
causes it to revolve in the same direc- 
tion as the pinion b. 




Fig. 54 



Idle Wheels. 



64. The wheel b placed between two other wheels a and c, 
does not affect the velocity ratio of these 
wheels, for c would obviously move with 
the same speed that it would have were 
its teeth inmiediately engaged with a. 
But the intermediate wheel b causes a 
and c to revolve in the same direction, 
whereas if a and c were in contact they 
would revolve in opposite directions. 
wheel b is called an idle wheel. 




Fig. 55. 

The intermediate 



Teeth of Wheels. Pitch Circles, Sfc. 

65. The teeth of wheels should have a curved, shape, in 
order that the motion communicated from one wheel to 
another may be regular and smooth, or in other words, that 
there may be a perfect rolling contact between l\i<eai« ^\kKsv 
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teeth are angular, as in the last figure, they slip over each 
other, in certain positions, and this is attended with con- 
siderable friction and a want of uniformity in the rotation of 
the wheels. 

The annexed figure shows the curved form which is 
usually given to the teeth of wheels. The circles ee and 
F F, touching each other at a, and described firom the re- 
spective centres of the two 
wheels, are called Fitch 
CmcLES. The radii of these 
pitch circles are always 
taken proportional to the 
number of teeth in their 
respective wheels; thus if 
the upper wheel has 9 teeth 
and the lower one 36, then *^* 

the radius of the pitch circle be will be to the radius of the 
pitch circle f f as 9 is to 36, or as 1 is to 4. Hence the 
pitch circles would roll upon each other and complete their 
rotations in the same manner as the wheels would do after 
their teeth are formed.* 

Let the circumference of the pitch circle be divided into 
the same number of equal parts as there are teeth in the 
wheel, then the length of one of these parts will be the dis- 
tance occupied by a tooth and a space ; this distance is called 
the pitch of the teeth. In cast-iron wheels, it is customary 
to make the pitch of the teeth of the following values, — 1 in., 
1^ in., \^ in., 2in., 2j- in., and 3 in. 

Ex. 1. A driving wheel is to have 5 teeth, and the 
follower 40 ; it is required to find the diameters of the pitch 
circlesy when the pitch of the teeth is 2 in. 

Circum. driver =5 x 2= 10 in. 

•. diam. driver =o-ttt^= 3*183 in. 

3'1416 



• • 



* On the form of teeth see ** Moselej's Engineeriog," or <* Willis's 
Mechanism.'* 
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In like manner, 

Diam. follower=:5—-r=^= 25*464 in. 

JEx, 2. The diameter of the pitch circle is 48 in., and the 

pitch of the teeth 2^ in., required the number of teeth in the 

wheel. 

Circum. pitch circle=48x3*1416, 

^ ^, circum. pitch circle 48 x 3*1416 ^^ 
.-. no. teeth= p-t,,, of teeth = "^l =^' 

JEx. 3. The diameter of a pitch circle is 30 in., and the 
number of teeth 94 ; required the pitch of the teeth. 

Circum. pitch circle=30 x 3*1416, 

. , *.. .1 circum. pitch circle 30x3*1416 ,. 
.-. pitch of teeth= number of teeth = 94 = ^ '"• 

Grenerallj, let ^=the diameter of the pitch circle, n=the 
number of teeth, and p^the pitch of the teeth, then 

circum. pitch circle=c?x 3*1416 ; 
but we have also, 

circum. pitch circle=w/> 
/. c;x3*1416=»;>, 

where we have three quantities, any two of which being 
given the remaining one may be found ; thus, 

"""31416' 
Let n=40, and j[7=2, as in Ex. 1. ; then 

^=o~rTr^=25*46, as before. 



FORMS OF WHEEL WOBK WHEN THE AXES ARE NOT 

PARALLEL. 

When motion is communicated fron> one axis to another 
one, which is parallel to it, spur wheels are usually employed, 
such as are shown in the figures to Art 60. ; but if the motion 
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is to be transferred from one axis to another one at right 
angles to it, crown-wheels, face-wheels, or bevelled wheels, 
must be employed. 



Crown Wheels, 

66. This figure represents a 
crown wheel b, with its pinion 
A, having their axes at right 
angles to each other. The teeth 
in the crown wheel are cut on 
the edge of a hoop, and the 
pinion is made thicker than 
usual. This kind of wheel is 
used in clock and watch work. • 




Fig. 57. 



V. 



FcLce Wheel and Lantern. 

67. In this figure f represents a face wheel, with, its tan- 
tern L. Motion is here transferred from a vertical axis to a 
horizontal one. The teeth 
inserted into the face of 
the wheel f, are called cogs, ^«..^__^ 

which are now usually made ^^rn-TinTmnin mmmmgimn^i^ 
of iron, while the round 
staves forming the teeth of 
the lantern are made of 
hard wood ; for it has been 
ascertained that iron cogs 
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Fig. 58. 







work with less noise and friction upon wooden staves, than 
when the cogs and staves are made of the same material 
The face wheel and lantern have been much used in mill 
work. 



Bevel Wheels, or Bevel Gear. 
68. Let £B and fb be two axes of rotation cutting each 
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Fig, 59. 



other in b. Two right cones abc 
and BDC, touching each other in 
the line BGC, are formed upon these 
axes. 

If the cone bdc revolve on its 
axis EB, it will communicate, bj 
rolling contact, a rotatory motion 
to the cone abc, upon its axis fb. 

In practice frusta of the cones 
are employed, as aggj, and cdhg. 

These cones, or frusta of cones, will obviously perform 
their revolutions in the same manner as the spur wheels in 
Art. 58. 

On these smooth surfaces of the frusta, a series of equidis- 
tant teelh may be cut, di- 
rected to the apex b of the 
cone, so that a line passing 
from the apex b to the 
outline of the teeth upon 
the bases of the cones shall 
touch the teeth in every 
part, as shown in the an- 
nexed cut ; where b is the ^ 
apex of the cones bac, and 
BDC, F and E the two 
axes of the bevel wheels 
AC and DC, intersecting 
in the apex b. 

Wheels cut in this manner are called bevel gear. Two 
bevel wheels of this kind will always communicate motion 
£rom one axis to another, provided these axes intersect each 
other ; this point of intersection is always made the apex of 
the frusta forming the bevel wheels. 

69m Given the radii of two bevelled wheels, and the posi- 
tion of their axes, to construct the cones, or rather the frusta 
forming the wheels. 




Fig. 60, 
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Let AB and gd be the position of the axes intersecting 
each other in o. Draw a b 
parallel to ab, at a distance 
from AB equal to the radius 
of the wheel on the axis ob; 
and draw dc parallel to CD, 
at a distance from CD equal 
to the radius of the wheel on 
the axis od. Let ah and de 
intersect each other in the point 
t; from i draw im and in Ft^. 61. 

respectively perpendicular to the axes ob and od; take im 
equal to the diameter of the wheel on the axis ob, and in 
equal to the diameter of the wheel on the axis od ; join om, 
ot, and OTt, then omi and oin will be the cones, and o» 
their line of contact. 
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Intermediate Bevel Wheels. 




70. Here the interme- 
diate bevel wheels b and c 
revolving on the same axis, 
connect tiie driving wheel 
A with the two wheels £ 
and D. Now the wheel d 
will revolve in the same P^g* ^^' 
direction as a ; whereas the wheel £ will revolve in a direc- 
tion contrary to a. 

71. Given the position of two axes which do not intersect 
each other, to construct bevelled wheels which shall commu- 
nicate motion from the one to the other. 

Let AB and ef be the two axes, take 0£ as a third axis, 
intersecting the axis a b and ef at any convenient points, o 
and £ respectively. Now o will be the vertex of two rolling 
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cones, or raUier two frus- 
ta a and « ; and B will be 
the vertex of two other 
rolling cones, or rather 
frusta, e and d : thus the o 
intermediate axis D, with 
its bevelled teeth on c 
and e, will transmit motion 
from the axis ef to the 
axis AB. 

It is evident that the Fig. Sii. 

bevelled wheel a vrill have exactly the some rotatory velo- 
city as if it were in immediate contact with the bevelled 
wheeled 






Pi 



Sack and Pinion. 

7% When a circular motion is to be changed into a recti- 
linear one, the teeth are cat upon the edge 
of a Etrught bar ab, so that they may 
work with the teeth upon the wheel or 
pimon P. The toothed bar ab is called ^n\J^J^£U^I\J\s\J\y . 
a rack, aftd is constnuned to move in 
its rectilinear path by guides or rollers. 

T3. This figure shows the manner in 
applied to move a rack ; where r is a handle 
giving a Gircnlar motion to the pinion r, 
which as it turns gives a vertical motion 
to the rack b. 

Ex. Let the length of the handle b be 
18 in. and let the distance between the teeth 
of the rack or the pinion be ^ in. ; required 
the velocity ratio of the handle and rack, 
whcm the pinion has € teeth. 

Let ihe handle make 1 revolution, then 

space passed over by P=2 x 18 x S-HIG. 
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Now while the handle makes 1 revolatioii tiie rack b 

raised 6 teeth ; 

.*. space passed over bj the rack^G x|^3=3 in. 

. velo. P 2 X 18 X 3-1416 «^ ^ , 

/. — -. = 5 =37*7 nearly. 

velo. w 3 '' 

And on the principle of work, the pressure produced u^ 
the rack will be 37*7 times the pressure aipplied at the 
handle. 

74. This figure shows a combination of more power; 
where the pinion r acts upon the 
wheel b"", which carries the pinion 
/ giving motion to the rack. 

£x. Let the length of the handle 
=20 in., number of teeth in rs=6f 
number of teeth in b''=30, number 
of teeth in /=6, and the distance 
between the teeth of the rack= ^V* 66. 

^ in. ; required the velocity ratio, as in the last example. 

Let the pinion / or the wheel b^ make 1 revolutioiiy then 

No. revo. of r or ps=— -as5, 

o 

/• space passed over by the rack=6x^s8 in., and 

space passed over by p=2 x 20 x 3*1416 x i ; 

.velo. p 2 X 20 X 3*1416 X 5 «^.- 

/. — -, = 5 =209*44, 

velo. w 3 ' 

which is the velocity ratio. 

In this case the pressure produced on the raek will he 

209*44 times the pressure applied at the handle. 



SHAFTS AND AXES. 

Coupling. 

75. Li the conveyance of motion by shafts, it is sometiBei 
necessary to couple or connect one shaft with ft»i>trl»Br t dui 
is called coupling* 
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This cut shows a common mode of coupling the shafts a 
and B. Here the shafts are termin- 
ated with circular heads at e and c, 
on which teeth are cut, so that the 
projections of the one shall fit into 
the indentations of the other: thus 
motion is communicated from the 
shaft A to the shaft b ; and should any settlement of the 
building cause anj of the bearings of either shaft slightlj to 
fall, these joints will admit of the derangement and still com- 
municate the motion from the one shaft to the other. 




Fig, 67. 



Universal Joint, 

7d. The universal joint furnishes another means of uniting 
shafts which are not exactly in the same direction. 

This ingenious contrivance is shown in Jig, 68. ; where 
s and c are two shafts, the ends of which 
are formed like a fork ; B is a circu- 
lar ring^ placed between the forks, with 
four pins or pivots, a, by c, d, on its cir- 
cumference, which work in corresponding 
holes made in the forks. By this simple 
contrivance motion may be communicated 
^m one shaft to another, when the angle 
which they make with each other does 
not exceed about 15 degrees. 

7t- i^ig^ 69. represents the 
double universal joint. In the 
construction of this piece of 
mechanism, the extreme axes 
AB and CD should meet in a 
pointy and the angles which 
they respectively make with the 
intermediate piece ef should 
be equal to each other. 




Fiff, 68. 
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78. Engagement and Ditengagentmtrf Machinery. — On 
of the Bimpleat (Uid most effective coatrivances for this pur 
pose is called the fast and loose pulle/. 
Here as represents the shaft to which 
motion is to be given ; a and b are two 
puUejs, the one being fast and the other ' 
loose; the band which transmits motion 
may be shifted, at pleasure, ^m the one 
puUey to the other ; and thereby patting 
the aile as in motion or out of motion, or, as it is called, ii 
gear or out of gear. 

79. Another contrivance for the sami 
shown i where pp is a pulley, moved by 
a strap, revolving freely upon the round 
portion of the shaft a b, with wfatcti it is 
required occasionally to be connected in 
order to give motion to the machinery. 
For this purpose, the shaft has a cross -, 
piece of metal de, called a gland, firmly 
attached to it; the pulley p has two or 
more teeth pn^ecting on its side, so- 
that when this pulley is made to slide "*' ^'" 
towards the left by means of the lever qe, these teeth engtgt 
the arms or limbs of the gland, and thereby carry round the 
shaft AB with the pulley. 

80. This figure represents a similar contrivance, when 
AB is a shaft to which machinery is 
attached and which is required to be 
put occasionally in motion ; co is a 
bevelled wheel, revolving freely upon 
the round portion of the shaft, and ia , — 
kept constantly in motion by its c 
nection with another bevelled wheel. 
That portion of the shaft marked A 
is square, and the clutch i> ia made to 
slide along it by means of the lever ef; 
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when the teeth in the clutch d are made to engage the cor- 
responding teeth on the side of the wheel cc, the shaft ab 
then revolves with it. 

81. Two bevel-wheels a and b, rotating freelj when out 
of gear, are driven in contrary directions by the bevel-wheel 
G ; either of these wheels 
may be fastened to the 
vertical axis hi by the 
sliding piece Nn en- 
gaging the teeth e^ or 
cc; by this means the 
vertical axis hi may be 
made to revolve in any 
required direction ; the 




Fig,7S. 



sliding piece N9» is moved by the lever done turning on 
the centre 6 ; an eccentric wheel g, to which a vibrating 
motion is given by some parts of the machinery, may be 
employed to bring the wheels a and b alternately in 



gear. 



Gudgeons, 

Gudgeons are those circular portions of a shaft upon 
which machineiT' revolves. 

In cast-iron shafts these gudgeons are simply portions of 
the shaft turned perfectly circular in a 
lathe* The parts in which the gudgeons 
turn are called brcisses: thus in the 
figure, c represents a gudgeon turning 
in its brasses, which are here shaded 
dark* These brasses are made of a 
composition of copper and tin, which is not only durable but 
works with very little friction with iron. 

83. In a vertical cast-iron shaft s, the pivot p is usually 
made of an egg shape. Another method consists in having the 
end c fiat, with an oblong notch in^ it which fits upon a round 

i>3 




Fig. 74. 
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|d«ce of steel AA, hftving & grocrre a in 
its under ude to admit of oiL 

84. Wbon iron gudgeoiiB are placed 
upon wooden shafts, some attention 
most be paid to the mode of connec- 
tion, BO as to secure durability and 
steadiness. 

This figure shows a mode of fixing 
an iron gudgeon upon a wooden shaft ; where sis the Bluft;0 
the gudgeon with a cross, ce, 
upon it, which is let into the 
end of the wooden shaft b. 
The cross is made of a wedge 
shape, having the front edge 
thinner than the back, so as to 
adroit of being firmly driven 
into the end of the shaft, which has a stroDg iron hoop pot 
round it to prevent it from splitting. 

FEICTIOS WHEELS. 

85. Here the axis c, of the wheel a, rests between two 
frictional wheels, a, b, which turn upon their axes, «, t. As 
the wheel a revolves, its axis c, having a rolling contact 
with the friction wheels a and b, causes them to torn np<ut 
their axes, e, e, so that the friction is transferred firom the 
axis c of the large wheel 
A, to the axes, e, ^ of the 
two friction wheels. If the 
circumference of each fric- 
tion wheel be 9 times that of 
its axis, then the extent of 
the surface rubbed over by 
the axis e will be i of that 
which is rubbed over by the 
axis c upon each friction 
wheel; and the friction will thus he reduced in nearly the 
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ratio. The pressure upon eadi axis of the friction-wheels will 
be one-half the pressure upon the axis o of the large wheeL 
Eriction-wheels are used in delicate pieces of mechanism, 
such as in Atwood's machine for demonstrating the laws of 
motion and falling hodies, where it is essential that the fric- 
tion should be eliminated as far as possible. 
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CONCENTBIC WHEELS. 

86. Two separate wheels may rerolye ooncentricallj, that 
is, about the same centre, as in the case of the hour and 
minute hands of a watch or clock. 

The wheel d is fixed to the 
axis DOE, and the wheel o to a 
tube or cannon K, which re- 
volves freely upon the axis doe. 
The hour hand h is attached 
to the cannon n, and the mi- 
nute hand m to the axis dce. 
The driving-wheels A and b, 
fixed to the axis ab, communi- -^V* 78. 

cate the relative velocities to the axis de and the cannon n. 
Let A contain 40 teeth, b 12, o 36, and D 10 ; then while the 
wheels a and b perform 3 revolutions, the wheel d with its 
pointer m will perform 4 times 3 or 12 revolutions, and the 
wheel c with its cannon and pointer h will perform 1 revo- 
lution ; that is, the pointer h will 
make 12 revolutions in the same 
time that the pointer h makes one. 

87. When the concentric wheels 
and D are required to revolve 
in contrary directions, this is 
readily effected by the interven- 
tion of a single bevel-wheel a, 
the cones having a common apex 
«• In this arrangement a is 

B 4 




Fig. 79. 
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called an idle wheel, as it merely serves to connect the 
teeth in the wheel d with those in the wheel c, and the velo- 
city ratio of d and o will solely depend upon their numher of 
teeth : thus if c has 48 teeth and d 12, then d will make 4 
revolutions while makes one. 

RATCHET WHEELS. 

88. It frequently happens where wheels are used in ma- 
chinery, that the action of the moving power is suspended 
for a time, or undergoes periodic intermission, in such cases 
some contrivance is required to prevent the recoil of the 
wheels. For this purpose a ratchet wheel B with a deteni d 
is usually employed. This contrivance 
allows the wheel to turn in one direction, 
hut the catch or detent, falling into the 
angular teeth of the ratchet wheel, pre- 
vents it revolving in the opposite direction 
A spring is sometimes used to give a slight 
pressure to the detent against the ratchet 
wheel. This piece of mechanism is in- 
variably employed in cranes and other ma- Fig, so. 
chines for raising heavy weights by the application of aninal 
power. 

INTERMITTENT MOTIONS IN WHEELS. 

89. Motions of this kind may be produced by the four fol- 
lowing ingenious contrivances: — 

90. Here c and d are two 
common spur wheels, c being 
the driver and d the follower, 
where the teeth are cut away 
from the part aeb. When the 
teeth ab are engaged with the 
teeth on d, this wheel revolves 
in the usual manner, but on the 
contrary, when the plain portion aeb is passing the line 
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of centres, the wheel d remains at rest, so that while the 
driver o has a continuous circular motion, the follower n 
has an intermittent circular motion. 

This mechanism is liable to the following objection, viz. 
the chance of the first tooth b, in the wheel o, not exactly 
engaging with the teeth on d ; however, this is readily ob< 
▼iated bj the introduction of a guide-plate, as in the follow- 
ing contrivance : — 

91. Here a is a driving-wheel having sunk teeth on its 
edge from c to a ; b is the fol- 
lower, to which an intermit* 
tent motion is to be given, 
having corresponding teeth 
cut upon its edge excepting at 
the portion c dy which is a 
plain arc of a circle described 
upon A as a centre, p is a pin F^g^ ^^^ 

fixed in the wheel a, and s a guide-plate fixed to the face of 
the wheel b. Now when a revolves, the plain portion of its 
edge runs past c d without touching it ; and at the same 
time prevents b from shifting its position, but when the pin 
p comes in contact with the guide-plate S, the wheel b is 
turned round, and the teeth co engage themselves with the 
teeth on b, so that b is constrained to make one revolution, 
and then after that {t remains at rest until the pin p again 
comes round to engage the guide-plate. 

92. Here a is the driving-wheel having only one tooth t 
upon it; b the follower, to which an 
intermittent motion is to be given. 
In each revolution made by a only 
one tooth in b is moved round, so that 
during the greater portion of the revo- 
lution of A the wheel b remains at 
rest. The detent d retains the wheel 
B in the position to which it is succes- Fig* 83, 
sively moved by the tooth t, 
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93. This figure represents an intermittent motion wLich 
has been introduced into the mechanism 
of the Geneva watches, a is the driving 
wheel, revolving constantly in the same 
direction, and b the follower, to which an 
intermittent motion is to be given. '' X-*- — ^Vv * 

The edge of b is notched, as shown in 
the figure, and the portions ecy mtiy &c., 
are arcs of circles concentric with the 
centre of a when they are placed oppo- 
site to it. The wheel a has a hatchet- J^. 84^ 
shaped tooth h upon it, with the parts 8 and v on each side 
cut away in order to make room for the points c, m, &c« 
When A revolves no motion takes place in b until the hatchet- 
tooth h strikes the side c of the recess crm^ and carries the 
wheel B through the space of one tooth, and brings the next 
arc m n opposite to the plain edge of a, which retains b until 
the hatchet-tooth has performed another revolution. 

94h The crown wheel a, turning continuously on its ver- 
tical axis A, and having only a few 
teeth cut on its edge, may be made to 
give an intermittent rotation to a hori- 
zontal axis d e. 

Let the two wheels db and ec re- 
volve upon the horizontal axis de^ then 
as the crown wheel a revolves conti- 
nuously, the wheel db will be driven 
in one direction, and the wheel e c in a contrary one, as their 
teeth become alternately engaged ; so that the axis d e will 
alternately revolve in opposite directions. In this case the 
teeth on the crown wheel should not occupy more than one- 
half its circumference. 
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0S. Let DtHF and cnp be portions of two curred wheels 
in oontact at the point p, and revolv- 
ing on the centres c and c respectiTelyi 
then in order that these two wheels 
may roll on each other without slip- 
ping or without exerting any stnus ' 
upon the centres d and c, these cea- 
tres most be in the line of contact 
CPD; and moreover, if the curve np 
be equal to the curve mp, the sum of 
the lines on and Dm must be equal to '' 

the sum of the line cp and dp, and bo on to any other coin- 
cident pointa of mutual contact. 

If Dmp and c«p be two equal ellipses revolving on their 
foci D and o respectively, n and m b^ng the extremities of 
their major axes, then these elliptical wheeb will have a 
perfect rolling contact. In like manner two equal loga- 
rithmic spirals have the same property. 

BC To find the vdadtg ratio ofiht whtiU. Let qph be the common 
tangent to the point f of the two cnrres; and let cq andtiB be perpen- 
dicnliTB npoD thii tangent. Here the Telocit; of the pcnot p on the two 
whseli ii abrioiul; the Mme, henee we hare Art Hh, 
velo.p 



B- velccp- 



G4 



that ii to laj, (Ac otuTuIar vdoatia of the tchtdi are iaiiera^ <u the per- 
ptaiffCBlarj tetfiStipoK tht connnon tangcni/rom ihecentrei t^molion. 
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97. The fonn of wheels represented in this figure, is one 
of the most approved methods of 
obtaining a varying velocity ratio. 
It is that which b used in silk-mills, 
and in the Cometarium. The form 
of the curves must be such as to Vri>AA/uv\4 ^t^ y 
answer the conditions explained in 

Art 95. ^- «7. 

98. This figure represents a method of producing a varying 
angular velocity ratio by means of 
ordinary spur-wheels. D is a com- 
mon toothed wheel turning upon 
an eccentric centre of motion b ; 
A is the wheel to which a varying 
velocity is to be given by the uni- 
form angular motion of d ; o is a 
pinion with teeth of the same gauge 
as those on d and a. The centre of ^' ^^' 

this pinion is moveable, being carried by the arm AC, which 
revolves upon the centre a, so that while the eccentric wheel 
revolves, the arm AC rises and falls to suit 
the position of the eccentric The link do 
connects the centres of the two wheels d 
and in order to keep their teeth in gear. 

99. Roemer^s Wheels. These wheels 
were invented by Boemer, the astronomer, 
to produce the varying velocities of ma- 
chines intended to represent the planetary 
motions, a and b are two conical wheels 
having their vertices towards opposite 
sides ; A has teeth like those of the common 
bevel-wheels; upon the surface of b are 
fixed a series of pins in such manner as to p^g^ g9 
fall in succession into the spaces between 

the teeth on a. As the pins towards e must be more apart 
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than they are towards k^ and also at the same time nearer 
the centre of motion, it is obyious that the rotation of b 
will be accelerated as the former teeth become engaged. By 
yarjdng the positiop of the pins with respect to the edge of 
the wheel, any Telocity ratio may be obtained. 

100. A varying angular velocity may be obtained by an 
eccentric crown wheel a, and a long 
cylindrical pinion p ; where the axis 
cd of the crown wheel is eccentric 
to its circumference, and the axis of < 
the pinion p is at right angles to cd 
and meets it in direction. Suppo- 
sing the driver p to revolve uni- 
formly, then the follower a will have 
the greatest angular velocity when 
the teeth at v nearest the centre of motion are engaged, and 
the least angular velocity when the teeth at e furtherest from 
centre of motion are engaged. 




Fiff.90. 



CHAP. VI. 

SLIDING PIECES, PRODUCING BY SLIDING CONTACT, SLIDING 

MOTIONS. 

101. The inclined plane, the wedge, the camb, and the 
screw are simple machines, in which the action of sliding 
pieces is employed* 

INCLINED PLANE. 



102. Let AC represent an inclined plane, ab its horizontal 
base^ BC its vertical height, and bac its angle of elevation. 
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Let w be the weight placed upon the 
plane, and p the power drawing up this 
weight, by means of the cord pbw 
passing over the pulley bd, the cord 
Dw, in this case, being parallel to the 
plane. 

To find the ratio of the vertical 
velocities of p and w. Here while w 
moves from A to c, it will have been 
raised the vertical height bo of the 
plane, and the cord d w being shortened 
a space equal to ao, p will have de- 
scended a space equal to ao the length of the plane ; hence, 
the velocities of p and w, estimated in a vertical direction, 
will be to each other as the length of the plane to its height, 
that is, 

velo. p _ length of the plane ao ^.v 
velo. w"" height of the plane bo '" ^ '' 

This velocity ratio is obviously constant for all positions 
of w on the plane. 




Fig, 91. 



XT • 11 !-• I- '^ velo. p 

Now in all machines we have — =- 



p velo, w' 



therefore — 



_A0 

BO* 

Or thus going over all the steps of the operation. While 
w passes over a vertical space equal to the height of the 
plane, p descends a space equal to the length of the plane ; 
hence we have 

work applied bypssPXAO, 
work done upon w=w x bo, 

/. WXBC=PXAC, 



w AO length of the plane 

or — =^ or — — 

p BO height of the plane' 



(2); 



that is to say, w will be as many times p as the length of 
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the plane is that of its height. Thus if the length of the 
plane be double its height, then the weight would be double 
the power and so on. 

103. The inclined plane as a mechanical power is gene- 
rally used in connection 
with frictional rollers. In 
this way workmen are en- 
abled to raise heavy stones 
into a cart as shown in this 
figure. As the rollers are 
disengaged at the lower end 
of the stone, they are put in 
at the upper end, so that -^^^^ ^* 

three or more rollers are kept continually beneath the stone 
as it is being rolled forward. 

3L04. Suppose the cord nw to form any angle nwc with the plane. 
Let w move over the yery small space wv; firom 
B describe the arc wq^ and draw wA parallel to 
AB and wk perpendicular to it; then the cord 
WB will be shortened a space eqoal to wg, and p 
will therefore descend a space equal to wg ; but 
w will ascend a yertical space equal to to A ; there- 
fore irq will be the vertical velocity of p, and wk 
the vertical velocity of w ; 

•* velo. w vok' 

Now when wtc; is indefinitely small the arc wq 
becomes a stnught line perpendicular to wd; 
hence we have 

wgrascos. L Dwc X wto, 
and toAasin^ZAwtoxwtffsisin. ^BAC x wid; 

*' velo. w wk 

COS. Z DWC X WW 

sin. Zbacx wto 

COS. L DWC 

sin. Z BAG* 
which is the velocity ratio of p and w, estimated in a vertical diree* 




Fig. 93. 
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tion. Now as the zbac is constant, this velocity ratio will vary 
as the COS. Z dwc, or as the cosine of the angle which the cord makes 
with the plane ; and if this angle be constant, that is, if the force acting 
along WD be always parallel to itself, the velocity ratio of p and w will 
be constant 
105. Now for the condition of equilibriom, we have 
work of p-ip X w^ ; work of w—w x wk 5 

/. wxwA^Pxwg, 

'• p~wk 

00S.ZDWC 
sin. I BAC * 



THE WEDGE. 

106. The wedge is merely a moveable inclined plane. 
Let ABC represent a moveable inclined plane or wedge, 
sliding along the surface hb by 
the force of a pressure p applied 
to the back bc of the wedge 
in a direction parallel to hb: 
and let w be a heavy rod rest- 
ing upon the inclined side AC, 
and constrained to move in a 
vertical direction by means of '^*<^* ^'** 

the guide rollers e, f, g, h. As the wedge is being pushed 
forward, the rod dw will be raised, so that while the wedge 
has passed over a space equal to its length ba, the rod will 
have been raised through a space equal Jb the thickness bc 
of the wedge ; that is, while the pressure p has passed over a 
space equal to ab, the weight w has passed over a space 
equal to bc; — 

. velo. p 




• • 



ab the length of the wedge 
velo. W^BO the thickness of the wedge* 



which 18 the velocity ratio of the power to the resistance. 
Tills velocity ratio is obviously tVie ^ame; iox ^ ^q^\!\qti%« 
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lOT. To obUin the conditiotiB of equilibrium. While the 
weight TT lbs. is raised over the vertical apace cd, the pres- 
sure of F lbs. moves over the space ab, heoce we have 
workof w=WXBC, work of f=pxab, 

.". WXBO=PXAB, 



that is to say, v wilt be at many timet v a* the length 
of the wedge is that of the thiehneit. Thus if the length 
of the wedge be double its thickness, then the resistance, 
w, overcome, will be double the pressure, p, applied ; aud 
soon. 

108. Here _fig. 1. shows the form of the wedge as it is 
employed in eplittiog timber; where ce is the length, do 



f 



JSff. 95.(1.) 




FI9 » (*) 



the edge, and gb or af the thickness. In fig. 2. the resist- 
ance acting at f arises from adheuou of the material that is 
being split, and the power applied at ab, is the impetus 
given by the stroke of a heavy mallet. The great power of 
the wedge, used in thb manner, depends almost entirely upon 
the work, accumulated in the mallet, being at once delivered 
upon the head of the wedge. 

109. The wedge is also an indispensable agent in tha 
wamowing of stones out gf quarnea. \'b S& «^»i S.\«Kf>^f^ 
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employed in raising great weights for 

a short distance ; in such cases two 

wedges are made to act tc^ether as 

in the annexed figure ; where ab dc 

and dbac represent two similar 

wedges employed for raising the 

mass w, by simultaneous strokes given 

to the heads ac and db. It is evident that the plane of 06 

will always be parallel to ab. 




Fisf. 96. 



C 



9 
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CAMBS. 

110. These important elements of mechanism consist of 
irregular pieces of material, to which a rotatory motion may 
be given for the purpose of producing reciprocating motions 
in rods and levers. Here fhij represents 
the camb; A its centre of motion; ab a 
handle ; CD the rod to which a vertical re- 
ciprocating motion is to be given. As the 
handle is being turned in the direction of 
the arrow, the rod CD has an upward mo- 
tion until the point f comes in a line with 
the rod, then, as the handle is still being 
turned, the portion fh of the camb permits 
the rod to fall by its own weight, or by the 
action of a spring, until H comes in a line 
with the rod, and so on; so that in one revolution of the 
handle, the rod (in this form of camb) will 
make three upward and three downward 
strokes. Supposing the handle to revolve 
uniformly, any law of motion may be given 
to the rod CD, by the peculiar form given 
to the curve of the camb. 

HI. In order that the pressure of the 
camb may produce the downward as well 
as the upward stroke, the pin or the ex- 
tremity of the rod may be made to traverse „. 

•^ * Ftg» 98. 



Fig. 97. 
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a groove cut in the camb plate, as in this figure ; where cd 
is the rod with its pin or extremity o fitting into the groove 
CQF forming the camb. 

112. To find the form of the camb, so that the velocity 
ratio of the wheel, or handle, and the rod may be constant. 

Let QACG be the direction of the rod, and o the centre of 
the camb. With c as a centre, ^ 

and any convenient radius ca, 
describe the circle A BD. Take 
A a equal to the length of the 
stroke of the rod, and divide it 
into any number of equal parts, 
say 5, in the points b, c, d, e; and 
divide the semicircle ado into 
the same number of equal parts 
by the radial lines cb, cd, &o. 
With c as a centre and c^, cc, 
cd, &c., as radii describe cir- 
cles, cutting CB, CD,.CB, &c., 
respectively in the points r, s, ^ 
&c ; through these points draw 
the curve arstvGry and simi- 
larly on the other side draw the 
curve akQt\ and it will give the form of the camb required. 

All lines drawn through the centre of the camb are equal, 
that is, aa=«A=:&c. 

Because c«=cc=ca+2a&, 
and c^=c<^=ca+3a&, 

/, 8h=.QS-\'Ck 

=2ca+^a5 

=2ca+aA 

s=ca + CA 

=saG. 
Hence, if the rod had two pins, placed at a and o, the 
camb would revolve between them, and would produce a 
downward as well as an upward stroke of the rod. 
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This curve is the spiral of Archimedes; for while the 
radios vector ca revolves uniformljy the point a also moves 
uniformly along it. 

Bj dividing the line a A into parts having 
a varying proportion to each other, any as- 
signable law of velocity may be given to the 
rod. 

113. When the rod is to receive a series 
of lifts with intervals of rest, the camb as- 
sumes the form of teeth which are called 
wipers or tappets. Here c is a wheel re- 
volving on its axis ; a and h wipers which 
act in succession upon the tooth r upon the 
vertical rod or stamper er. In one revolu- 
tion of the wheel the stamper makes two Fig* loo^ 
lifts, and the pestle e falls two times into the mortar c. 

114. Here a cylinder a has 5 wipers upon it. The 
hammer h turns upon a lever be 
whose axis is c ; the extremity e of 
the lever is depressed by the wipers, 
and thus the hammer is raised ; but 
the moment the wiper disengages 
itself from the lever, the hammer falls 
by its weight and strikes the heated 
iron placed upon the anvil a. 

In this case, the hammer would make five lifts and five 
strokes for every revolution of the wheeL 

115. Here a is the wheel, turning upon the axis en, having 
a series of cambs cut upon its face. 
The cambs communicate an alternat- 
ing motion to the rod bs, which moves 
between the guides c and d^ and is 
kept constantly pressing against the 
cambs by a spring s fixed to its ex- 
tremity. Fig* 108; 




JFV^. 101. 
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THE SWASH PLATE. 

116. Here deo is a revolviDg axis, carrying with it an 
inclined plate AG called a swash plate; abc 
a rod capable of moving in the direction of ^p^ 
its length only, having guides or friction 1<^ ^^ 
rollers at b and o. This rod is kept in con- A 
tact with the plate by its own weight or by 
means of a spring. Now owing to the in- 
clined position of the swash plate, as it turns 
round, the rod AC is alternately elevated and 
depressed, so that the continuous circular 
motion, of the axis de produces a recipro- 
cating motion in the rod ac in the direction of its length. 




ESCAPEMENTS. 



117. Escapements are used in clock-work for converting a 
continuous circular motion into a reciprocating one. 



CROWN-WHEEL ESCAPEMENT. 



118. This escapement is 
commonly used when the 
axes are at right angles to 
each other. 

Here a is the revolving 
axis, and b the crown-wheel 
fixed to it, having large saw- 
shaped teeth ; CD is ^tf verge 
which vibrates with the pen- 
dulum QB. This verge car- 
ries two pallets, o and c, the 
planes of which form an 
angle with each other, so as 
to admit of the escapement 
motion. Supposing the 
crown wheel to be revolving 




H 



rig, 104. 
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in the direction of the arrow, the tooth e by pressing upon 
the pallet o causes the verge cd to turn in the same direc- 
tion, until the pallet o allows the tooth e to pass under it, 
now at this instant the pallet c is brought into contact with 
the tooth a, which now presses upon this pallet and turns the 
verge back to its first position, when the tooth a escapes 
firom under the pallet c, and then another tooth is brought to 
act upon the pallet o, and so on to any number of vibratioDS. 
By this means the revolution of the crown wheel sustains 
the oscillations of the verge cd. The arm de is attached to 
the verge and vibrates with it ; this arm has a fork at its 
extremity through which the rod of the pendulum qr passes, 
so that the vibrations of the verge are transmitted to the 
pendulum, and vice versa. 

ANCHOR-ESCAPEMENT. 

119. When the axes of the verge and wheel are parallel to 
each other, the anchor-escapement is com- 
monly used. 

Here d is the centre of the revolving 
wheel, and o that of the anchor-escapement 
cha; in this case the extremities of the 
pallets a and b are formed so as to fit those 
portions of the ratchet-teeth which act upon 
them. The action in this escapement is '^*^' ^^' 
precisely the same as in the last one. 

Escapements have received a great variety of forms. 




THE SCREW. 



120. A screw may be regarded as an inclined plane formed 
upon the surface of a cylinder. In order to render this 
apparent, let afg be a cylinder, or common round ruler, and 
let akg' be a piece of paper cut in the form of an inclined 
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Fig, 106. 

plane, whose height kg' is equal to the height ag of the cylin- 
der ; now if this paper be wrapped round the cylinder, the 
edge ag' will trace the spiral line abedefg upon the surface 
of the cylinder ; and if a groove be made along this spiral it 
will form the thread of a screw. If a t be equal to the 
circumference of the cylinder, & i=ac will be the distance 
between the threads of the screw, and the angle of the threads 
of the screw is the angle kag\ 

121. Let cnamehQVi spiral groove cut upon a cylinder as 
described in the last article ; CD the axis upon which the 
cylinder turns ; ab a rod 
parallel to the axis cd, 
and having a pin or 
tooth c fitting the groove 
of the screw. Now when 
the handle cp is turned 
in the direction of the 
arrow, the pin c, with its "^'^' ^^^' 

rod AB, is moved towards the right ; so that in pne revolution 
the pin will have moved from c to a, the distance between 
the threads of the screw, and in the second revolution it will 
have moved from ato e, and so on. The rod ab will thus 
be moved in a rectilinear path. 

To find the velocity ratio of the extremity p of the handle 

and the rod a b. Let p make one revolution, then the pin c 

will move from c to a, that is, the rod a b will be moved over 

a space equal to the distance between two contiguous threads : 

/• space moved over by p=:circum. described by p. 
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Space moved over hj the rod AB=the distance between 
the threads. Hence we have 

velo. p. circum. described by p. 

velo. A B distance between the threads* 

It is evident that this velocity ratio must be constant 
122. In the place of having only one tooth c, it is evident 
that we might also have teeth at a, e, &c., and instead of 
square threads we might have them triangular, without in 
the least affecting the motion. This arrangement is shown 
in the annexed figure ; where nc, mc^ &c., are the threads 



jn m 




Fig, 108. 

of the screw ; c, a, e, &c., the teeth upon the rack a b ; and 
cp the handle which drives the screw. This arrangement is 
called the rack and screw, by which a continuous circular 
motion is converted into a continuous rectilinear one. 

The teeth upon the rack or comb are made exactly to fit 
the threads of the screw, so that these teeth may be r^arded 
as forming a portion of a reverse screw. 

123. In most cases, however, the piece ab, which un- 
dergoes the action of the screw, has 
its teeth or rather threads formed in a 
cavity embracing the whole circumfe- 
rence of the screw, and fitting its threads 
' exactly ; this modification is shown in 
/ig. 109, where n is the hollow screw 
fitting the threads of the solid screw s. ^^9' ^^« 

This hollow screw is called the female screw, and s the male 
screw. The whole piece k is called a nut. 




The threads of screws are made of dif- 
'onus : thns in fig. 109., the threads are 
lar, whereas those in ^;?. 110. are square. 

case BODS is the cylinder npon which , 
ew is cut; ad the thickness of the If 

and a d its depth. . 

la the application of the screw to ma- I 
there are three cases which merit ci 



1. When the hoUow screw or nut is i 
el7 fixed, the solid screw will have a n*iio 
dinal motion when it is turned. 

2. If the sdid screw revolves without having any 
3inal motion, as iafiffi. 107. and 108., the nat will have 
mdinal motion, provided it is incapable of revolving. 

8. If the nut revolves, without having any longitn- 
otion, the solid screw will have a longitudinal motion, 
d it b incapable of revolving. 

The common Pros. 
The screw ia used in cases where a great pressure is 
certed through & small space, r 
mnton press is one of the [ 
efnl applications of this n 

111. represents a book- 
I press, where as is the 
row working in the hollow 
r nut N, resting on the fixed 

i B the press board, fixed 
op of the screw, and admits j 
I moved vertically between , 
s of the frame. As in Case 

US., the solid screw bs is 
le of revolving, but moves 
linally or in the direction of ' — j^o, iij. 
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its length ; whereas the nut » revolves, but does not OKMre 
longitudinally, or in the direction of the length of the screw. 
The nut is turned by means of the lever p, whidi is inserted 
in the holes formed on the edge of the nut. The material 
to be compressed is placed between the press-board b and 
the fixed beam d. 

This press is also made to act after the manner of Case 1., 
Art. 125. In this form the perforated cylinder n is fixed 
to the solid screw ss, and therefore turns with it, on a pivot 
turning in a socket on the under side of the press-board b ; 
the piece c, fixed to the solid frame, contains a female or 
hollow screw, whose threads exactly correspond to those on 
the solid or male screw ss ; so that when this solid screw is 
turned round by the handle p, it ascends through the hollow 
screw formed in the fixed board c, and thus raises the press- 
board B, which only admits of being moved vertically. 

In one turn of the lever p, the screw ss, with its press 
board b, is moved upwards a space equal to the distance 
between the threads of the screw. Hence we have^ as in 
Art. 121., 

velo. p_ circnm. described by P 
velo. B distance between the threads' 

Therefore, putting w for the pressure produced on b, we 
have in the principle of work, Art. 14- : — 

w__velo. p__ circum. descnbed by P 
p velo. b"" distance between the threads* 

Ex. Let the distance between the threads of the screw= 
^ in., the length of lever=:48 in., and the pressure p applied 
to the lever=1601bs., required the pressure w produced on 
the press-board. 

Here in 1 revolution of the lever, 

circum. described by p =2 x 48 X 3-1416, 

distance between the threads =^, and P=sl601bs. 

. w 2x48x3-1416 



160 ^ 







1 1^1 

Tr«2 X 48 X 3-1416 x 4 xlW=\^^^^a^v Tiiaa\i, 



COHPODHD SCBBW. 

' isr. lig- 112. re^o^sents an- 
other form of the preee ; where 
the press-board D is placed at 
the under end of the screw, and 
die nut at the upper part of the 
frame. This is the form uBually 
given to preasee tot compressing 
the liquids or juices from fruit, 

&0. 




Fig. I IK, 



Compound Screw. 

138. This ingenious contrivance consists of two screws 
A and B having difierent thicknesses 
of threads. The lai^r screw a has a 
hollow screw turned within it exactly 
fitting the screw npon b, bo that when 
A is turned round, b screws into the 
interior of a. The exterior screw of 
A passes through a fixed, nut n secured '' 
to the frame c n. The screw b is 
capable of moving in the direction of 
ita length Bd, but is incapable of re- 
Tolviog. 

Let pbe the pressure applied to the 
lever p, andw the pressure produced at 
the point w. In one revolution of the 
lever, the screw a descends a space 
equal to the distance between its threads ; but at the same 
time, the screw B enters into the hollow screw, in a, a space 
equal to the distance between the threads on b ; therefore the 
point w will only descend a space equal to the difference 
of the distances between the threads on a and the threads 







, veln.F circum. deacrihftA b^ ^ ^, 

* veJcw^diBt. bet. threads ol a.— fi6\-\>W,. <««»*.%•& -i 
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which is the velocity ratio of p and w. Now^ as we have 

frequently shown^ the right hand member of this equality is 

w 
also equal to — • 

Ex. Let the distance between the threads on A. and b be 
respectiyely -I in^ and ^in., and let the length of the lever 
be 60 in. ; required the velocity ratio of p and w» or, what 

amounts ta the same thing, the value of — . 

Let P perform one revolution, then 

space passed over by p=2 x 60 X 3*1416 ; 

space which the screw a descends=|^ 

„ „ „ „ B ascends ^:f> 

•*• space which the point w descends=<|— ^=:|> ; 

. yelo. p _2 X 60 X 3'1416 _ 
•• velo-w i -aoib nearly, 

that is to say, tbe velodty of p will be 8016 times that of w; 
and —=3016 ; that is to say, w must be 3016 times p, which 
is the advantage gained by the press. 

^Jhe Differential Screw, 
129. This ingenious contrivance consists of a solid cylinder 
hag, which has three 
screws cut upon it. 
The threads of the 
screws he and ba 
have the same incli- 
nation and thickness, 
but the threads of- 
the screw d c have a 
different inclination. '^* 

The screw he works in a hollow screw cut in the fixed 
block m kf and a 6 in a similar screw cut in the other fixed 
block ; » is a nut having a hollow screw cut in it, cor- 
responding to the threads on cd^ and capable of moving 
longitudinally but incapable of revolving from the interven- 
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tion of guides. Let the handle hf moke one torn, ao as to 
move the cylinder from left to right, then the nut « will be 
moved, from right to left on the screw d c, a space equal to 
the distance between its threads, bnt at the same time it 
will be moved with the tender, from left tO' right, a space 
eqoal to the diataoce between the threads of the screw a b ; 
therefore in one revolution of the handle, 

the space moved over hj the nut 
=thickness threads on a i->thiGknesa thnads on dc. 

The Endtesi Screw. 
ISO. When the thre«ds of a screw are made to act upon 
the teeth of a wheel, the me- 
chanism IB called the endless 
screw. Here the distance be- ^ 
tween the teeth of the whed ^ 
K, must be equal to the dis- t: 
tance between the threads of'i. 
the screw i.i>. Let p be t 
pressure applied to the handle r 
F, and w the weight auspended ~ 
by the cord going round the 
axle of the whed k. How 
in every revolution of f one tooth of the wheel s must be 
turned round; therefore as many teeth as there are in k, 
80 many turns must p make in order to turn the wheel k 
round once ; but when the wheel s turns round once, the 
wdght w must descend a space equal to the circumference 
ot the sjcle c ; hence, in one revolution of the wheel k we 
have 

Space descended hj w=drcnm. axle. 

No. turns of F=no. teeth in the wheel, 

.*, space passed over by ? 

=circDm. described by pxno. teeth in the wheel, 

velo. p _ circuni.deacr.bypxno. teeth in the wheel 

•• Telo.w drcnm. of the tzle ' 

b9 
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which is the velocitj ratio of p and w, and this also efr 
presses the value of — 

Ex. Let the number of the teeth in the wIieel=GC^ ths 
diameter of the «xle=5 in, and the radius of the bandlB 
=30 in. ; required the velocity ratio of r and w. 
Let the wheel perform one revolation, then 

Space passed over by ■ff=5x8'1416; 

No. reTolnttons of p=60, 

.•. space passed over by pin 1 reTo.=2x30x3'14I6, 

/. space passed over by P in 60 reTo.=2 x 80 X 3'1416 x 60 

■■ velo.w 5x3-///^ 

that is to say, the Telocity of , 
p will be 720 times that of 
w; and w will also be 720 
times p. 

13I> In the mechanism, re- 
presented in the preceding 
figure, the axis of the screw 
is Tertieal ; but in the annexed 
figure the axis is shown in a 
horizontal position. 

This figure represents a 
combination of very great me- 
chanical power. There is an 
endless screw, with 3 toothed 
wheels, 2 pinions, and one 
axle, round which the cord 
suspending the weight w 
coils. 

£x. Let the radius, ap, of 
the handle=20; the no. teeth Fig- lie. 

in the first, second, and third wheels 30, 60, and 40 respec- 
tively ; the no. teeth in the first and second pinions 1 and 
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8 respectiyelj ; and the diameter of the axle 5 in. : required 
the velocity ratio of p and w. 

Let the third wheel turn round once, then the no. turns 
of the second pinion will be 5, fojr V =^^ > ^^* ^unis of the 
first pinion or the first wheel will be 30, for 5 times 1^=30 ; 
no. revolutions of p will be 900, for 30 times 30=900 : 
/. space passed over by w=5 x 3*1416, 
and space passed over by p=2 x 20 x 3*1416 x 900 ; 
; velo. p __ 2 X 20 X s'jt^jt^ x 900 _^^^ 
• • velo. w"" 5 X 3*/f /j^ " ' ' 
wMch is the velocity ratio required; that is to say, the 
velocity of p will be 7200 times that of w ; and the weight 
of w win be the same number of times the pressure applied 
at p. 

Conical Screw, 

132. This figure represents an arrangement for giving a 
rectilinear motion to the rod CD, when it is not parallel 
to the axis a.b of the screw. _ q.b 

This is efiected by cutting the "" ^'^^^^^^^^^^^^ 

thread en upon the cone pgk, c^^^^^^^^^^^^ ^ 

whose slant side pg is parallel ^ ,^ — 1 ^^^^ I 

to the rod CD. The tooth e ''"'^-i'. wCl^— P 

upon the rod fits into the spiral V^^H 

groove «n, so that when the 
cone is turned, the side of the Fig, 117. 

groove or thread presses against the tooth and thereby moves 
the rod in the direction of its length. As the groove e n is 
made ever3rwhere of the same depth, it is evident that the 
rod CD must always be parallel to fo. Supposing the cone 
to revolve uniformly on its axis, then, in order that the 
motion of the rod should also be uniform, the path of the 
groove must be constructed after the method explained in 
Art. 112. If the surface of the cone be developed, that is, if 
it be laid out on a flat surface, the groove e n will be the 
spiral of Archimedes. 

s 4 
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CHAP. vn. 

MECHANISM CONSIDEREDi m BELATIOK TO THE OBJECTS 
PROPOSED TO BE EFFECTED. 

133. The preceding chapters of this work treat of the 
simple elements of mechanism, or forms of which aU kinds 
of mechanism must consist) without any special regard to 
the objects to be effected by them. It will, however, be 
instructive to consider the forms of mechanism in relation to 
these objects. Taking this aspect of the subject^ we shall 
consider, — 1. Mechanism for regulating and accumulating 
motion ; 2. Mechanism for modifying motion. 

MECHANISM FOR REGULATING AND ACCUMULATING 

MOTION. 

134. In general the various parts of a machine should 
move with smoothness and uniformity. Sudden changes in 
the velocity of machinery are not only injurious to the more 
delicate parts of the mechanism, but are in many cases 
incompatible with the nature of the work to be done. 
Hence it is always desirable, and in many cases indis- 
pensable, that the motion of the various parts of machines 
should be uniform and regular. The contrivances adapted 
for this purpose are called regulators. 

The causes tending to produce irregularity in the motion 
of machinery are as follows : 1. A variable action in the 
prime mover ; 2. From the relative position of the piece the 
action of the prime mover may not be transmitted with a 
uniform efficiency ; 3. A variation in the resistances or the 
work to be done. The object, therefore, of the regulators 
is to counteract, as far as possible, these causes of irregularity 
in the motion of machinery. 

One of the most beautiful and remarkable achievements 
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of science, is that of making machines Betf'ncting. In this 
respect man seems to have imitated, imperfectly it may be, 
the creative intelligence eTer3rwhere manifested in the me- 
chanism of the universe. This self-acting principle, in many 
of our manufactories, has been brought to such a degree of 
perfection, as almost to dispense with human labour and 
calculation. The work which formerly required the constant 
attention and manipulation of a skilful mechanic, is now 
performed with more precision, and at infinitely less cost, by 
combinations of mechanism requiring only to be at first set 
in action. Dead matter thus seems, as it were, to be endowed 
with vitality and intelligence ! The steam-engine, for example, 
supplies itself with water and fuel at the instant they are 
wanted; adjusts the temperature of its furnace; checks or 
accelerates, as may be desiderated, the speed of its wheels ; 
and duly regulates the movements of its various parts, 
without the aid or interference of man. A few of these 
ingenious contrivances may be readily understood by the 
student. 

THE GOVERNOR. 

135. This is one of the most important regulators of 
machinery. When the speed of the machinery is too great, 
this contrivance checks the supply of the moving force, and 
QD the contrary, when the speed is too slow, it increases that 
supply. This simple and beautiful piece of medianism (see 
next page) consists of two heavy balls e,e attached to the 
extremities of the rods/^B, which pass through a slit in the 
vertical axis dp, and turn on the centre e, opening and closing 
like a pair of shears. The links /A, having joints at/ and h^ 
connect the two rods fe e with a ring A A d which slides freely 
upon the vertical axis dd, to which a rotatory motion is given 
by means of a belt passing round the pulley d. The lever f o h, 
turning on the centre o, is connected with the sliding piece or 
ring A A D at the extremity f, and has a link H w attached to 

£ 5 
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Fig. 114. 

the extremity B. The link h w tnrna the axia of the throttle' 
valve z which opens and closes the port of the eteam pipe 
AA a proceeding from the boiler to the cylinder. Now when 
the spindle dd revolves with nn increasing velocity, the 
balls K, B fly out from the centre of motion (by the centrifngal 
force thaa generated); the sliding piece or ring A Ad, with 
the extremity f of the lever, is drawn downwards, while the 
extremity h is raised and the asis of the throttle vahe z is 
turned round so as to close the opening of the steam pipe, 
thereby reducing the supply of the steam. The contrary 
effect is produced when the velocity of the spindle dd is 
decreasing, that is, the balls fall towards the axis oa, and 
the throttle valve z is toraed so as to increase the supply of 
steam. Hence it appears, that when the speed of the engine 
passes beyond a certain limit the throtUe valve tenda to 
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^eck the Bnppl^ of the Bteam, or moring principle, while on 
Hia contrary, when the speed of the engine is less than this 
Biau limi^ the throttle ybIyb is opened so as to allow a 
greater quantity of steam to pass through the steam pipe. 
Fig, 119. exhibits another form of this mechanism, where 




the rods es, having a common joint at ^ are connected with 
tiie sliding ring, A A, by the links fk. In this case a rotatory 
motion ia given to the vertical axis or spindle by means of 
tlw bevd-gear o, a. 



WATXB BBOUUITOB. 



UO. In the steam engine it is necessary that the water in 
the boiler should be constantly maintained at the same lereli 
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80 that as the water is being evapo- 
rated in the boiler, fresh water 
should at the same time be admitted 
to supply the waste thus created. 
Here a is the boiler ; ab a pipe pro- 
ceeding from the cistern b to supply 
the boiler with water as it may be 
required ; f is a stone float suspend- 
ed by the rod fc passing through 
the stuffing box s ; this rod is attached 
to the extremity c of the lever cf 
turning upon the fulcrum or centre 
D ; V is a valve, opening and closing the top of the pipe ab» 
and attached to the point e of the lever cf ; f is a counter- 
poise which aids in depressing the valve v. Now when the 
water in the boiler descends below its proper lever, the float 
F also descends, and by depressing the extremity o of the 
lever, elevates the valve v and thus allows the water to flow 
into the boiler as required. On the contrary, as the water 
rises in the boiler the float f also rises, and by elevating the 
extremity c of the lever, depresses the valve v and thus 
stops the flow of water into the boiler ; thus a certain mean 
quantity of water is always maintained in the boiler. 



Fiff. 120. 



BEGULATtNG DAMPER. 



137. The rate at which steam is generated in the boiler 
should be equal to the rate at which it is consumed in the 
cylinder ; or, what is the same thing, the steam in the boiler 
should be maintained at a constant pressure. In order to 
effect this, some connection must be formed between the 
pressure of the steam in the boiler and the heat of the fur^ 
nace; since the pressure of the one depends upon the heat oi 
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the other. This has been accom- 
plished by the following con- 
trivance : BA is a tube descending 
nearly to the bottom of the boiler 
a; f is a float suspended by a 
chain pqd passing over the pulleys 
p and Q ; D is a damper acting as 
a counterpoise to the float, and 
opening or closing, as the case 
may be, the mouth of the flue l, 
and thereby increasing or de- 
creasing the draft of air through *^' 
the fire k. Now the level f of the water in the tube ab de- 
pends upon the pressure of the steam in the boiler a ; but 
the float F rises and falls with the water in the tube ab, and as 
the float rises the damper d descends and vice versa ; so that 
when the pressure of the steam in the boiler exceeds its pro- 
per limit, the water in the tube ab, together with the float f, 
ascends, and then the dampetr d descends and closes the 
month of the flue, thereby reducing the intensity of the- heat 
of the furnace, and checking the further generation of steam ; 
on the contrary when the pressure of the steam falls below 
its proper limit, the water in the tube, with the float, descends, 
the damper d is raised, and an increase of draft is given to 
the furnace, which produces a more rapid generation of 
steam, and consequently with an increase to its pressure. 



THE PENDULUM. 

It has been ascertained that a pendulum, vibrating in small 
arcs, will perform each vibration in the same time, even 
though the lengths of these arcs may differ from each other. 
The time of vibration depends entirely upon the length of 
the pendulum. The law in this respect is, that the time of 
vibration varies as the square root of the length of. the pen- 
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dulum ; thus in our latitude the length of a pendulum to 
vibrate seconds must be about 39 inches, whereas if it were 
required to vibrate in two seconds the length must be 
4 times 39 inches, and so on to other cases. These important 
facts were first discovered by the great Galileo. The pen- 
dulum is one of the most perfect regulators of machinery; 
and its application to clocks and chronometers has conferred 
an incalculable benefit on practical science. 

Let QB (see fig. 104. p. 60.) be a Becond pendulum oscil- 
lating on its point of suspension q. Now at each double 
vibration, one tooth of the crown wheel e is carried round, 
^(see Art. 118.), so that if there are 30 teeth in the crown 
wheel, it will exactly perform one revolution in a minute. 
The slight strokes given, time after time, to the pallets 
o and c, just overcome the resistances of the air and friction 
tending to destroy the motion of the pendulum. 



MAOHINBS FOB ACCUHULATIKa WOBK. THE FLY WHEEL, 

Exa 

138. The fly wheel is not only a regulator of motion but 
it is also an accumulator of motion. It simply consists of a 
large heavy wheel to which motion is usually given by a 
crank ; thus in fi^y 182., qq is the fly wheel, revolving upon 
the axis p ; pk the crank ; nm the connecting rod, forming 
the connection between the crank and the extremity of the 
great beam l. 

Here while the extremity of the great beam has a 
reciprocating circular motion, the fly wheel and its axis 
have a continuous circular motion. This change in the 
motion is simply effected by the intervention of the crank 
and connecting rod. 

The fly-wheel may be regarded as a reservoir of motion, 
in which the redundant motion of the machinery is accumu- 
lated when the work to be performed is less than the work 
applied by the moving power^ and from which the machinery 
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derives motion when the work to be performed is greater 
than the work applied ; so that however variable the work to 
be performed may be, the motion of the machinery is always 
maintained pretty nearly uniform. 

139» The astonishing effect of work accumulated in a mass 
of matter in motion, is strikingly exhibited in the engine for 
coining and punching, ab is a lever carrying two heavy 




pieces of metal a and b at its extremities ; this lever turns 
the screw os passing through the fixed nut at k and termi- 
nating with a punch s (or a die for producing the impression 
on the coin) ; D is the metal to be perforated by the punch. 
Now when a circular motion is given to the masses a and b, 
work is accumulated in them ; the screw os descends and 
brings the punch s in contact with the plate d to be per- 
forated ; the motion in the masses a and b is thus suddenly 
stopped, and the whole work accumulated in them at once 
discharges itself in carrying the punch through the plate. A 
similar effect is produced when the head of a nail is struck by 
a hammer. 



MECHANISM FOR MODIFYING MOTION. 

140. The motions of the parts of machines may be divided 
into two kinds, viz. rectilinear, or in a straight line, and ctV- 
eular^ or in a circle or some other curve ; and each of these 
motions may again be divided, into continuous^ or motion 
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which takes place constantly in the same direction, and 
reciprocatmffi or back and forward motion. Now the moving 
and working points of a machine may respectively have any 
one of these motions, so that there may be a great variety in 
the combinations of motion subsisting between these two 
points. Thus, for example, the moving point may have a 
reciprocating rectilinear motion while the working point may 
have a reciprocating circular one ; and so on to other cases. 
It would be inexpedient, in a work of this kind, to treat of 
the various combinations of motion which would arise. How- 
ever, the following forms will be found to embrace those 
motions which most frequently occur in machinery. 

14L Continuous circular motions producing motions of the 
scone kind have already been sufficiently given in the fore- 
going portion of this work. 

TO CHANGE ▲ CONTINnOUS GIBCULAB MOTION INTO ▲ BECIFBO- 
CATINa BECTILINEAB ONE, AND THE CONVEBSE. 

142. Various cases of this kind of motion have already 
been given in Arts. UO, Ul., &c ; the following are a few 
additional examples. 

The wheel c is partially furnished with teeth, 
which act upon the teeth of the rack a cut upon 
a vertical rod moving between the guides n and 
m; p is tk pestle which falls upon the substance 
placed in the mortar o. Now when a continuous 
circular motion is given to the wheel c, its teeth 
engage with the teeth of the rack, and thus the- 
rod is raised, but the moment the teeth of the 
wheel are disengaged, the rod a falls ; and so on. ^ i ^ / ° 
In this case the wheel moves the rod in only one I I 

direction, but it is often necessary that the rod ' J 
should be moved in both directions by the wheel : 
the following are examples of this mode of action. 
. 143. Here c is a wheel partially furnished with teeth, acting 
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connected with the rod 



Fig. 114. 

on two racks « and n placed on difierent sides of it. The 
teeth in these racks are altematelj engaged by the teeth of 
the wheel, so that the continaona circalar modoii of the 
wheel c gives a reciprocating motion to the rod or bar ab. 

144. In this case there are only three teeth in the wheel 
c, and one tooth, a and 
b, on each dde of it. 
In this form of the me- 
chanism, a and b are 
called pallets, and tbe 
teeth on the wheel c 
are called tappets or toipert. 

14* The wheel a iafig. 126. 
n d, capable of moring in the direc- 
tion of its length onljr, by the link 
or connecting rod mn, having pins 
at m and n; so that when a con- 
tinnoua drcular motion is given to 
the wheel a, the rod n d performs a 
rectilinear reciprocatii^ motion. 

MC In ^. 127., a cross piece r t, with a 
slit in it, is fixed to the rod qp ; a pin c, 
fixed on the wheel a, moves in this slit, so (^^^ 
that while the wheel a revolves continuously, / ! j 
the rod qp, placed between the guides m and i JSI 
n, redprocates in the direction of its length. 

147. The following mechanism has been ap- 
plied to move the pistons of two pnmps. K& 
is 8 large wheel fixed to the vertical shaft a, 
and turns with itj ab is a horizontal lever, 
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Fig. 1S8. 

for giving a rotatory motion to the shaft a ; the ctoto of the 
wheel NK ia cut ioto a series of cambs or elevations and de- 
pressions, npoa which the friction wheels i and l roll ; s,t 
and <JH are arms of the levers, turning upon the centres f 
and i^ working the two pumps ; the friction wheels l and I 
are fixed to the extremities, £ end a, of these two levers. 
Now when a continuous circular motion is given to the 
wheel NK, the friction wheels roll over the sinuosities of the 
camba, and thus the extremities of the levers are alternately 
raised and depressed ; thereby giving an up and down mo- 
tion to the pistons of the pumps attached to the opposite 
extremities of the levers. The arm ^b maybe turned round 
by a horse. 

148. In^. 129., fg is a cross head fixed to the vertical 
rod h r, which has an up and down 
motion ; p and q are two equal ^ 
wheels, whose teeth are engaged with 
each other, turning on axes fixed in I 
the horizontal beam ab; the links 
fm and gm connect the cross head 
/ff with these wheels; the wheel p 
moves the pinion c, turning on the 
same axis as the fiy wheel s. Now 
while the piston rod hr makes an up 
and down stroke, the wheelspand y perform a complete rero- 
lation, and the pinion c, with the fly wheel, will ^so be car* 




Fig. 199. 
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**^ roond on their axis. The namber of teeth in p divided 
'f the number in the pinion c will give the number of reyo- 
'UtioQs irhich the iy wheel t must parform while the piston 
n r makes an up and down stroke. 



(7). 



to CHAKOB A SEdFnOCATIKG CHlCtlXAIt MOTION EfTO A. COH- 
TDTOOUS OIBCI1I.AK OKK, AND COKVEBSBLT. 

149. Instances of this kind of motion have already been 
given in Arts. 29 and 138. 

la_fig. 130. c rf is a treadle board, or a board that is moved 
by the pressure of the foot ; the cord 
ea« passes over the pulley a, and is 
attached to the crank m e of the wheel 
m. While the extremity c of the 
treadle describes a reciprocating cir- 
cular motion the wheel n* revolves 
continuously. _ 

150. The crank and connecting rod ^'t- '^^ 

is a common mode of converting the reciprocating circular 

motion of the extremity of the great beam into the con- 

dnuouB circular motion of the 

fly wheel. In fig. 182., L is 

the extremity of the great 

beam, h the connecting rod, 

N the crank, and Q the fly 

wheeL 

ISL SunandPlanet Wheel 
— This contrivance was in- 
vented by Watt, as a Bubsti- 
tute for the crank in convert- 
ing the reciprocating circular 
motionof the extremity of the Fig.\3\. 

^at beam into the continuous circular motion of the fly 
wheeL The toothed wheel b is fixed to the extremity of the 
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connecting rod cd, so as not to be allowed to torn on its 
centre ; a is another toothed wheel fixed to the axis e of the 
fly wheel d ; a link connects the centres of the two wheels 
A and B, and serves to keep them in gear. Now when the 
great, beam has made an up and down stroke, the link eos 
connecting the centres of the two toothed wheels* will have 
performed a complete revolution round the centre ^ exactly 
as a common crank would i do ; but as the two wheels a and b 
are fixed to their respective centres, every portion in the cir- 
cumference of B will have been brought in contact with the 
wheel A, which thus receives a continuous circular motion. 
Assuming the wheels A and b to be equal, then while the 
connecting rod makes an up and down stroke, or what is the 
same thing, while the wheel b makes one revolution round 
the centre e^ the wheel a, with the fly wheel d^ will have 
performed two revolutions ; for in this case every tooth in a 
will have come twice into contact with the teeth on b* 

1S2. Eccentric WheeL —This important piece of mechanism 
is usually employed to 
give motion to the slide 
valve of the steam engine, 
where the axis of the fly 
wheel is always the centre 
of motion of the eccentric 
wheel. Here a is the axis 
of the' eccentric wheel, o 
being the centre of the ^*^' ^^^' 

circle; a hoop jk embraces the eccentric wheel, so as to 
allow the wheel to revolve freely within the hoop ; a frame 
DFE connects this hoop with the extremity f of the bent lever 
HQF turning on the fixed centre a. Now when the eccentric « 
wheel turns in the direction of the arrow of the figure, the 
frame edf is pushed to the right, and the pin f describes 
an arc of a circle, in the same direction, on o as a centre ; 
when the lob side of the eccentric has passed the line of 
the centres of motion a and f, the frame with the pin f is^ 
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dien drawn to the left, and bo on ; so that the coDtiauoos 
cnrcular motion of the eccentric wheel prodoces a reciprocate 
ing circnlar motion in the pin F. This motion of f gives a 
rmprocating motion to the rod e^ to which is attached the 
elide valve of the engine. 

US. The Mangle Motion. — When a pinion acta npon a 
spar wheel the axes move in con- 
trary directions ; but when the 
pinion acts upon an annular wheel, 
aa in Art. S3., the axes move in 
the same direction. A mangle - 
wheel b formed by combining a 
spar wheel with an annular one. 
BE is a disk capable of revolving 
on its centre of motion o ; pioa 
B^ E, F, forming teeth, are placed 
concentric with o ; these teeth 

are interrupted from b to f ; j. is a pinion whose teeth work 
between the teeth formed by the pins, and is fixed to 
the -end of an axis to which a continuoas motion is given ; 
this axis admits of sliding in a borisontal direction from a to 
D; a short pin projects from the centre of this pinion, and 
enters a gnide groove efhba, formed in the disk concentric 
with the pins or teeth npon it 

Now when the pinion ia on the outside of the teeth, the 
pinion and disk revolve in contrary directions, aa shown by 
tlie arrows in the cut ; but when tbe last pin at b engages 
the teeth of the pinion a, the groove guides the pinion from 
tfie outside to tbe inside, and tiien the disk revolves in the 
same direction aa the pinion, and this will continue until the 
teeth F is brought to the pinion, which will then be carried 
to the ontude groove, and the disk and {union wUl again 
move in contrary directions ; and so on. 

1S4< Intermittent Motion. — ab is a lever torning upon 
the centre of motion a, the moving force applied at B being 
reciprocating ; cb is a click, freely jointed to the lever at c. 
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and gives motion to the ratchet wheel 
B ; D is a detent for preventing the 
ratchet recoiling. Now when the ex- 
tremity B of the lever is moved forward 
in the direction of the arrow, the click 
OE acting upon the saw teeth of the 
ratchet wheel, causes it to move over 
one or more teeth ; and when the extre- 
mity B is drawn back in the contrary 
direction, the point e of the click will 
slide over the sloping sides of the 
teeth without giving any motion to the wheel, which will 
therefore remain at rest during every downward stroke of 
the lever ab. Thus a reciprocating motion given to the 
extremity of the lever ab, will produce an intermittent 
circular motion in the axis B. 




Fig, 134. 



10 CHANGE A BECIFBOCATINa dBCULAB MOTION INTO A 
BECIFBOCATINa BECTUJNEAB ONE, AND CONYEBSSLY. 

155. The rack and pinion is an example of this kind of 
motion. See ^gs. 64, 65y and 66., where, in Jig. 64., an 
oscillating motion in the wheel will produce a reciprocating 
rectilinear motion in the rack a ; and in ^gs, 65. and 66. 8 
reciprocating circular motion given to the extremity p of the 
handle will produce a reciprocating rectilinear motion in the 
rack s. 

156. In Newcomen's steam engine. Bee fig. 182., the piston 
rod p is kept moving in a vertical line, by means of a 
chain, attached to the top of the piston rod, coiling round 
a sector a b formed upon the head of the great beam, and 
fixed to it at the tipper part b. The arc a b must obviously 
be described on « as a centre, e being the axis of the great 
beam. Now as the beam oscillates, the line in which the 
piston rod moves will always form a tangent to the circular 
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ad a & In this case the single chain a h only exerts a 

I ling force, so that this mechanism can only give motion 

tlie beam in a descending stroke of the piston. 

L57t 'Sy employing two chains the piston is made to act 

in the beam in both directions of the 

}ke. One of the chains e & is attached 

he top of the arch-head and to the loner 

t of the rod g n, whereas the other 

\a. eg connects the lower end of the 

h'heod with the upper part g of the rod. 

ten the rod gnia descending the chain '■ 

acts upon the beam, at the time the 
in eg is being coiled npon the arch* 
A, whereas when the rod ^ n ia ascend* " Fig. i ss. 

the ebfun eg in its turn acts npon the beam ; and » 
-58. If an oscillating motion be ' 
en to the toothed wheel a, the 
thed wheel b wiil oscillate in an op- 
ite directdon, so that both wheels, 
ing upon their respective racks, will 
1 to give a reciprocating rectilinear 
don to the frame c d. 
S9^ The sigzag, a common toy, is 
imiliar example of this kind of mo- Fig. is6- 

1. By compressing and extending the arms a and b 
id alternating rectilinear motJon is C 
en to the point d. 

MO. Watft parallel Motion. — The 
ect of this beautiful contrirance is 
convert the reciprocating circular 
tion of the extremity of the great C 
m into the reciprocating rectilinear 
tton c^ the piston rod. 

jiA AB and CQ be two equal rods, connected by the link 
, moving on their respective centres of motion a. and c ; 
be middle point of the link db. Let o d « £ a be another 
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position of the rods, then the middle point E or e of the link 
will have nearly moved in a vertical right line. For while, 
by this motion, the extremity b of the link is carried to the 
left, the extremity d is carried to the right, and vice vers&; 
so that the middle point E of the link thus nearly moves in 
a vertical line. 

Let AK represent one half 
of the great beam, turning on 
the centre a ; kbdb link work v 
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in the form of a paralldo* 
gram, having bk equal to ab ; 
CD a rod, called the radius 
rodf turning on the fixed cen- 
tre c. Now the rods ab, dc 
will move in precisely the same manner as in the preceding 
figure, and therefore the point e, in the middle of the fink 
DB, will very nearly describe a vertical line. But since the 
triangles abk and abb are similar, and as ak is the double 
of AB, the line ab will be the double of ab ; that is, the 
point B will always be at double the distance from a that the 
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*oint E is ^ and therefore the path described by B will be the 
ame as the path described by £ ; therefore, if the point e 
loves in a vertical line, the point B will also move in a ver« 
Lcal line«. The piston rod is attached to the point b, and 
^e piston rod of the air pump to the point e ; so that both 
f these rods will be moved in a vertical line.* 

Fig, 140. represents the form given to the parallel motion 
^ the common double-acting steam engine, where cb is one 
ndf of the great beam; bbhb the link work forming a 
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iralldogram ; fh the radius rod ; bi« the piston rod ; eK 
le rod of the air pump. The links forming the parallel 
otion are all double. 

The actual path described by the points b and eis a, curve 
lying the shape of an eight figure, but that portion of the 
irve Ijdng within the extent of the stroke of the piston rod 
most exactly coincides with a straight line. 

161. JVhMs Parallel Motion, — In Jig. 141. A is a large 
heel having teeth cut on its inner circumference, fixed to a 
ame ff ; dce is the piston rod, in a line with the vertical 
ameter of the wheel a, and attached freely to the crank 
o E, fixed on the circumference of the toothed wheel g^ in 



* Mr. Hann, of King's College, has given, in his work on the steam 
gine, a simple method for constructing parallel motion. 

F 




Fig. 141. 

gear with the teeth of k. Now as the piston rod moves np 
and down, the wheel g rolls within A, ascending on the one 
side and descending on the other. It is well known that (he 
point E will in general describe a cnrve called the hjpix^' 
cloid ; but when the diameter of the rolling wheel is equal to 
the radius of the fixed one, then the curve becomes a strughl 
line. Hence, when the dimensions of the wheels have thii 
proportion, the piston rod dok alwayH moves ia a vertical 
line. 
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CHAP. vin. 

TABIOUB KINI18 O? lUCHIMXBT. 

MaehiMfoT Rauing Water bg meant of Bvekettjrom 
Deep WeU$. 

1S2. AF iBavertical shaft, tuming Upon the pivotBsandc, 
'o which tnodOD is g^ven l^ means of tlie levera o, o, &c. ; 
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the axle b is fixed to the upper end of this shaft and turns 
widi it; ft continnons rope ECRBBDJ coils round this axle, 
gidng over the rollers b, r and the pulleys c, d ; each extre- 
mity of this rope carries a bucket e, so that while one bucket 
is ascending the other is descending. 

Horse Mm. 
U3. A is a verUcal Bhaft, turning on the pirotB n and r. 
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Fig, 143, 

and moved by horse power applied to tKe horse wheel Htf ; 
this shaft carries a bevel wheel e, which acts upon the bevel 
wheel c, and thus communicates a rotatory motion to the 
horizontal shaft CD, to which any kind of machinery may be 
attached. 

T?ie Potters Hand Lathe* 



164. This machine is used for blocking out round pottery 
ware : c is a fly wheel turned by the winch handle r ; y* is a 
guide pulley for conveying the fope from the fly wheel to 
the vertical axle d, thereby giving motion to the vertical 
axis b a, to the top of which is fixed the head of the lathe a» 
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W recdring the ol^ect t> to be turned ; o is the table ; k is 
tile bench upon which the workman Bits astride, with his feet 
m the treadle « ; t A is an inatrmnent with a slide nut, &c. 
for measuring or gauging the objects on the block a, 

' The Crab. 

185. Ttaa portable machine is much need in raisiag build- 
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ing materials, h, h are two handles which turn the taia ab, 
upon which is fixed the pinion b, driving the spur wheel cc, 
fixed to the same axis as the drum or axle s, round which 
the rope r coils (see Art. 18.). The rope r passes up to a 
pulley fixed to the top of a gin or pair of thear legt, for 
the purpose of raising heavy stones, &c 



TA« Sand Jack. 

166. This machine is also much used in building for 
raising, over a short distance, large blocks of stone or timber. 
H is tJie handle, which gives motion to the pinion p ; this 
pinion drives the spur wheel k, and its pinion e acting upon 
the teeth (^ the rackDQi d is a detent sustaining the rack as 
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it is deTated; r is a double claw for 
lajing hold of liie load to be nuaed. 
Let the nomber of teeth in e =4, 
iDE=40, 
inf>=5, 
then in order that the rack should be 
rtused through the distance between its 
teeth, the wheel K must more round ten 
teeth, and the pinion p with its handle 
must make two revolutions, that is to 
m^, while the rack ascends the space 
between two of its teeth, the handle 
must make two entire revolutions. Now 
if the handle sweep over a circumference 
of 100 inches, and the distance between 
the teeth of the rack be 1^ inches, then 
we have 



advantage gained = ^^'o- P^*" 
velo. reeiBtance 




7^ Gib Crane. 

167- DO ia a vertical 
beam, reeting as well aa 
turning upon a pivot at 
its Dnder end, and anp- 
ported in its upright posl* 
tioD bj stays in the floor 
with rollers attached to 
them-, KB is an arm pro- 
jecting from the beam do, 
having a pulley. B at Its 
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ty; tlie axes of the wheel work are nipported hy 
t-iron croBBes bolted on each aide of the rertickl 
H, the winch or handle, tunu a pinion fixed on its 
bis pinion turns the epinr wheel a, which carries a 
oa its axis ; then this latter pinion turns the laige 
with its barrel or axle a, round which the chain is 
this chain passes over the pullejr b, and has a hook 
ixtremi^ ibr laying hold of the weight to be raised, 
irel A has a racket wheel and detent. As the gib 
of bdng tnraed round in any direqMoo, a w^ht 
rom one side of it me,j be turned round and let down 
ppodte ^de, or at any part within the sweep of the gib. 
TiuB figure represents the manner in which cranes 




]nentl7 employed in erecting lai^ bnildings. The 
;he crane ta shown in two positions : in one pontion 
ne is being elevated, and in the other it is being 
)d upon its bed. 



A a is an axis called a mandrill, revolving on two 
ipporta, and oairying a pulley s ; Beisanironfiwnei 
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Fig. 149. 



called a puppet, carrying a pointed screw sb for adjusting 
the space ab to the length of the bar to be turned ; the 
whob of this frame or puppet admita of being moTed 
longitodi Daily, when the nut which fixes it to the frame 4 
the lathe is unscrewed ; R is the rest for the workman's tool, 
wliich also admits of being shifted longitudinallj ; d is a fl; 
wheel whinh gives motion to the pulley b, and its axis oa, 
by means of a strap ; t^is fly wheel is made to revolve b;r 
the cranks c, c, the pressure being applied to the treadle t. la 
order to vary the velocity of the axis a a, the wheeh B and 
j> have grooves cut upon their edges, after the method 
explained in Art. B3. The bar to Im. turned is placed b«> 
tween the pivot b and the mandrill a, so tliat the bar revolves 
with the pivot A a. 

Self-acting Sliile Best. 
170. This contrivance exhibits a prindple which is now, 
employed in almost every kind of machinery. CD is the t»T 
to be turned, revolving between the pivot b and mandrill; 
ce is a hoop of iron tightly wrapped round the bar, and 
acting at each successive revolution on the t«eth of the wheel 
ti, which therefore revolves through the space of tine tooth 
at each turn of the bar ; this wheel carries a screw wbich,: 
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when n revolves, dowlj moves the fhune f with the working 
tooth To'vaa. longitudinal direction, so that the point o of the 
cutting tool ehavea off the redundant metal from end to 
end, and thus forms a perfect cylinder, without any aid or 
interference of the workman. This is a useful application of 
an intermittent motion. 

Machines for cutting Screws. 
in. In order to form a ecrew on 
a cylinder, the cutting point must trace 
a spiral course upon its surface. The 
point e may be made to trace a spiral 
upon . the cylinder c by the following 
mechanism. The winch h turns two 
toothed wheeb on the same axis ; the 
wheel nearest the winch acts upon the 
rack A B carrying the point e ; while the 
bevel wheel D turns the bevel wheel 
C revolving on the same axia as the 
cylinder c. 

Iff 
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Now wben the winch h is tarned round, so as b) caiue the 
nek to Mcend, then the cylinder c will, at the sama time, be. 
turned on its uds ; 8o that the path of the point e on th^ 
finder will be a BpiraL 

1^ Tina flgore r^resents a self-acting machioe for- 
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cutting screws, ae ia the cylinder on which the screw is to 
be cat, rerolnng with the mandriU B of the lathe ; a is a 
toothed wheel fixed to the cylinder ae, and reyolvlng with 
it; this wheel drives a smaller wheel d, which carries a long 
screw revolring in bearings fixed to the frame of the lathe ; 
this screw gives a longitudinal motion to a nut carrying the 
sliding table or ladtUe f, upon which ia securely clamped the 
cuttiog tool Be intended to form the screw. It is customary 
to fix the wheel A on the axis of the mandrill. Moreover a 
combination of toothed wheels may be used in the place (^ d, 
so as to give any required relative longitudinal velocity t9 
theeaddlei 



nuHandDrHL 

m. lA Jtg. 153. a Bimple rotatory 
otlon is snppoBed to be g:iven to the 
illji, by means of the vinch a and 
iTCI gear e uid e, 

ir4> l^Jig- 154. a frame Biip|>orts the 
xight spiodle Bp which carries the drill 
i the winch H turns 




Fig. 153. 
fiy wheel r revolviiig on the azii 




the rotatioa in the horizontal axis a 
J vertical spindle b by means of the two bevel wheels 
iced at right angles to each other ; the top of the drill haa 
sorew s cnt upon it, with a handle n. Now while the 
indie B is revolring, a slight motion is given to the handle 
which caQBCB the drill to descend and its point to per- 
vte the plate. 



Skeartfor cutting Metal. 

VB. The eecentric wheel A, revolving on its centre of 
rtion e, acts upon the friction roller e, attached to the ex- 
onity of die lever see oscillaling upon its centre D} b, c 
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Fig. 155. 

are the edges of the shears for cutting the metal ; thefricdofi 
wheel e has a groove in its edge for receiving the edge of the 
eccentric wheel a, and the weight of the arm De keeps the 
wheel e always in contact with a. In the position shown 
in the figure, the metal to be cut is placed between the edges 
of the shears, and as the wheel a revolves, the extremity e of 
the lever is raised, and thus the edges e, E of the shears are 
closed upon the metal ; and so on. 



The Dredging Machine. 

176- This machine is used for increasing the depth of the 
channel of navigable rivers, by removing the sand and mud 
which time after time accumulate in them. 




Fig. 156. 

Krcnb are a series of buckets attached to the alternate 
links of an endless chain going round the square revolving 
axles A and c> similar to a chain pump, (see Art. 88|>) \ 6o that 
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wMe tiM fall buckets are ascending on tbe upper side r, the 
emp^ onea are descending on the under side b ; the outer 
edges of the buckets are made of a pointed shape, so as to 
pierce the sand or gravel in the bed n of the river-, they are 
are also perforated so aa to allow the water to run out of 
them. As tbe buckets pass round the square axle a, they 
are turned upside down, and thus the sand, or other materials 
raised from the bed of the river, is lUlowed to fall into the 
boat B. The depth to which the under end of the dredge 
is sunk, is adjusted by the chain d and windlass to. The 
toothed wheel B, revolving on the horizontal shaft ef, is 
turned by the machinery connected with the steam engine k ; 
then this shaft gives a rotatory motion to the axle a by means 
of bevel'gear. 



TAe Pile Eriffine. 
177> This engine is used for driving piles of wood into 




Fig. 158. Fig. 159. 

the ground for the purpose of securing the foundations of 



no 
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buildings, the piers of bridges, kc In Jigs, 157. and 158., b 
a heavy piece of metal, called the ram, which by falling up 
the head of the pile drives it into the ground ; the ram 
elevated tfr means of a cord going over the pulley c ; e 
is a pair of nippers, attached to the extremity of the coi 
which lay hold of the hoop on the top of the ram ; m u 
slide piece, to which the nippers are fixed ; now when t 
ram arrives at the top of the frame, the forked extremity 
of the nippers becomes compressed between the sides of i 
angle formed by the timbers ad, ad,. and thus the nippers 
n open and allow the ram to fall; when the nippers a 
allowed to fall, they close upon the hoop of the ram, m 
thus the ram is prepared for another lift. The ram may 
raised by a crab, or by human power applied to a series 
ropes as shown iajig. 159. 



The Hand Mill for grinding Com, 
178. Here c is a face wheel, revolving on its bearings b, 



t 




man WW \\\j^ 



Fig. lea 
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and turned by the winch h ; the teeth of the wheel c engage 
the staves of the trundle d revolving on the vertical axis 
KB ; the upper or revolving stone of the mill is fixed to this 
axisi and revolves with it ; m is the hopper for receiving the 
com to be ground, which is conveyed to mill-stones by the 
spout F; s is a case which encloses the stones; and the 
spout 8, proceeding from the under part of this case, carries 
away the flour as it is being ground. The com falls from f 
upon the under stone through a hole cut in the centre of 
the upper one ; and the grain, as it is being crashed between 
the stones, is carried off by the centrifugal motion generated 
by the rotation of the upper stone* 

The Saw Mitt. 

179. Ftg, 161. is a representation of the mechanism em- 
ployed in this machine* 
W is a fly wheel, driven 
by an engine, and having 
&ced on its axis a crank 
Q and an eccentric f ; gh 
is a link connecting the 
crank with the saw frame 
Hs, which moves between 
vertical guides ; the eccen* 
trie F communicates an 
[>8cillating motion to lever 
a.G on its fixed centre A; 
the click cs then gives 
an intermittent motion to 
the ratchet and its pinionit, 
aa described in Art. IM. ; 
this pinion, acting on the rack kg^ advances the wood-carriage 
towards the saw with the same interaiittent motion. The 
erank and eccentric are so adjusted, that when the saw-frame is 
descending, the timber is at the same time advancing towards 
the saw to receive its cut; and when the aa^R-ixvcDA \% 
ascending, the timber is at rest. 




Fiif. 161. 
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Spinning Machines. 
180. The rollers c receive the fine rovings of flax from 




F^. 162. 

bobhins ; f is a pair of drawing rollers, which are moistened 
by water trickling upon them from a vessel b^ or by having 
the lower roller partially immersed in the water contained in 
the vessel a. The thread, as it passes from the drawing rollr 
ers, is twisted by the spindle and flyer, and wound up on the 
bobbin o ; the motion of this bobbin is retarded by a weight 
H, hanging by a cord going round a pulley groove formed on 
the end of the bobbin : the friction of this cord may be in^t 
greased or 4ecreai^4 by altering the leverage of the .weighty 
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'hat the bobbin may bave any requisite speed for winding 
the yam as it is twisted. The bobbin o has also a motion 
uid down the spindle I9 in order to spread the yarn equally 
r the barrel of the bobbin. This motion is effected in the 
owing manner: the camb or double eccentric l turns 
vly on its axis, and causes the balance lever m to oscillate 
vly on its axis M, thereby giving a slow up and down 
uion to the bobbin-rail k with its range of bobbins, n is 
:oss section of a long drum, extending the whole length of 
frame, and giving a rotatory motion to all the row of 
idles, by means of an endless cord o passing over a pulley 
id to each spindle. This drum, by the intervention of 
ds^ &c., also gives motion to the rollers c and f, as well 
X) the eccentric l by the intervention of an endless screw* 



The Smoke Jach 
8L This well-known machine is used in the kitchen for 
1 




Fig. 163. 
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a (pit The rarified air and wMikt, aacaiduig ji^ 
dumaej, atrik« agahut the incUiNd sails of the htauuitaLu 
wbfBd A, and cause it to revolTe upon its vertiGal axis cb ; tt? 
ii a tmndle fixed to this axis, giving Btatkm to the &c^k 
whed r rendving on the htHuaotal axis rs, whicb cani cga 
the wheel B roand, orer which paaaes the chain 6, ginug i^m 



Ut. lathis 
to the wheel-woric; qf 
the pendnlam, r^olat- 
ing the moticMi; k the 
hoar hand 

nate hand ; > the second 
hand; lb and kd nde 
frames in whiob the ym- 

The weight w is sd»- 
pended by a cord, which 
coils round the hftrrel a. 
moving on its axis or 
ardor an; this axis car- 
ries the toothed wheel c, 
which drives the pinion 
Q, fixed to the second 
axis or arbor ge, which 
also carries a toothed 
wheel z; this wheel "'" ' 

drives the pinicm p, fixed on the third arbor rj, and npoo 
this arbor is fixed the escapement wheel j (see Arts. XU^ 
lUi and 137., ); the pallets of this escapement wheel are 
flxed to an axis or verge lk, which vibrates with the pen- 
dulnm Qp, 

let the wheel J contain 30 teeth, then if the pendolnm 
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^\>rate8 seconds, this wheel (see p. 85.) will revolve in 
^iie minute, and the pointer s will perform a rotation in this 
^^e. Now the number of teeth, in the various wheels and 
t^imoiiSy is commonly taken so that the barrel a may per- 
^rm a revolution in one hour. Thus, for example, if f 
^ve 8 teeth, e 48, o 5, and c 50, then the barrel A will 
^»mplete a revolution in one hour, which may be verified as 
ibllows. While c makes one revolution g makes 10 ; while 
IS makes one revolution f makes 6 ; and therefore while s 
makes 10 revolutions f must make 10 times 6, or 60 revolu- 
tions ; thus while A makes one revolution f makes 60 : but 
F makes one revolution in a minute, and therefore it must 
take an hour to perform 60 revolutions ; hence A makes one 
revolution every hour. 

The train of wheels just described has solely a relation to 
the regulator or pendulum, but the train about to be de- 
scribed gives motion to the hour and minute hands. 

The axis bd, projecting through the plate kd, carries the 
toothed wheels m and k. To the plate kb is fixed a pin or 
siud e, on which freely revolves a tube c, carrpng a toothed 
wheel at one extremity and the arm m of the minute hand 
at the other ; on this tube another but shorter tube a revolves 
freely, carrying the toothed wheel v at one extremity and 
the hour hand h at the other. The two wheels v and c just 
described are acted upon by the wheels m and n (see Art. 
M.). Now as M revolves in an hour, and as the wheel c of 
the minute hand must also revolve in an hour, so therefore 
the wheels m and c must contain the same number of teeth. 
Again, as the wheel v of the hour hand must take 12 hours 
to perform a revolution, and as n revolves in 1 hour, so 
therefore the wheel v must have 12 times as many teeth as n. 
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CHAP. IX. 

PUMPS AND OTHER HYDRAULIC ENGINES. 

The Common Pump, 

183. The accompanying figure represents a section of the 
common suction pump, a o is a cylinder 
or barrel, in which a piston P is moved 
up and down by means of a piston rod b, 
attached to the extremity of the lever, 
BH, of the first kind. In the piston is a 
valve V lifting upwards; and at the m 
bottom of the barrel is another valve v, i' 
also lifting upwards. A B is a pipe, 
passing from the bottom of the barrel into 
the well from which the water is to be 
raised* 

The first e£fect of the motion of the 
piston is to clear the barrel and pipe of 
air ; at the first upward stroke of the piston^ the air, in the 
pipe AB, expands and enters the barrel, and being thus rari-^ 
fied, exerts less pressure upon the water in the pipe ; the con- 
sequence is, that the pressure of the external air forces a 
portion of water into the pipe. Now in the downward stroke 
of the piston, the valve v closes, while v opens and allows the 
air in the barrel to escape, so that there is now a much less 
quantity of air in the pipe than there was at first ; at the 
second upward stroke, therefore, the air in the pipe is still 
further rarified, and thus an additional quantity of water is 
raised in the pipe by the pressure of the external air ; prov 
ceeding in this manner, after a few strokes, the water is 
raised into the barrel, and then another kind of action takes 
place. 

In a downward stroke of the piston, it plunges amongst the 
water in the barrel of the pump ; the valve v closes, and the 



Fig. 165. 
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^Te V opens, and allows the water to pass to the npper ridd 
"t tbe piston. In an upward stroke the valve v closes, and 
tbe Ttdve t opens, and, by the presaure of tbe atmoephere, tbe 
*ata: follows the piston in its ascent, whereas the water 
^bore the piston is pushed before it, and thus tbe fluid is dia- 
^^barged in a stream at tbe mouth, c, of the pump ; and so on 
^ any number of strokes. 

If a perfect vacuum were formed by the piston as it asr 
Cends, the wat«r would he raised, on an average^ to tbe height 
of 34 feet above tbe level of tbe water in the well, which is 
tbe height of a column of water calculated to balance the 
sverage pressure of the atmosphere. 

7^ Common Forcing Pump, 

184. This pump raises water irom the well into the barrel, 
on the principle of tbe suction pump just 
described, and then tbe pressure of the piston 
on the water elevates it to any height that 
may be required. 

Here p is a solid piston working up and 
down in,a barrel ; y a valve, lifting upwards, 
placed at tbe top of the pipe descending into 
the well; v a valve, also lifting upwards, ' 
placeil in a pipe d, which conveys the water ^'^- '''^■ 
to the cistern. 

In a descending stroke of the piston, the valve v closes and 
tbe valve v opens, and the water, being pressed before the 
piston, is forced up tbe pipe d to tbe higher level required ; 
on the contrary, in an ascending stroke, tbe valve v closes by 
the pressure of the external air and the water in the pipe d ; 
tbe valve t opens, and tbe water rises into the barrel of the 
pamp by tbe pressure of tbe atmosphere on the water in the 
well ; and so on to any number of strokes. 

T^e Forcing Pump with an Air Chamber. 
18B. This engine merely differs from the preceding one by 
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having m ate dumber ee v connected with. 

the verticftl pipe d. This air chamber is a 

closed vessel, having the pipe d deacending 

into it, and a valve t> opeoing and clonng 

its commimication with the barrel of tiie 

pump. When the piston p descends, the 

water is forced, throngh the valve v, into the 

ur chamber, so that as sooa as the water 

rises above the lower orifice of the pipe d, 

the air in the upper part of the chamber is '^' 

contracted or compressed ; and this compression of the lif 

causes it to exert a continuous pressure upon the surface of 

the water in the chamber, which forces the fluid up the [upe 

o, and thus a constant discharge into the cistern le sust^ed. 

In the common forcing pump the water is only dischaiged 

at each downward stroke of the piston, whereas, in the present 

case, the pressure of the air in the chamber sustains the 

dischaige through the vertical pipe d, during the interrsli 

taken up.bj the upward strokes of the piston. 

The great defect of this engine is as follows: — after the 
pump has been some time in action the air in the chamber 
becomes absorbed hj the water passing through it^ so that 
at length it is found that nearly all the air at first in the 
chamber has passed away with tiie water discharged by the 
pump. 

Dowhle-actintf Pump. 

189. This pump is dcugned to remedy the defect of the 
preceding one. It is simply a double-acting forcing pump, 
similar in its construction to that described in Art. 184. 
P is a solid piston which moves up and down in a cylinder; 
the rod of this piston passes through a stuflSng box at S for 
the purpose of keeping the cylinder air tight. On the oppo- 
site sides of the cylinder are two pipes ab and cd ; where 
A.B descends into the well, and CD conveys the water to the 
reservoir. There are four valves, a, b, e, c, opening and closing, 
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casd may be, the commanicatioii of 

pes with the cylinder. These Talves 

in the same direction, that ia to the 

Suppose the cylinder and pipes filled 

Iter, then, in an upward stroke of the 

the Talvee a and e are opened, and e 

are closed ; the water is forced \tj 

on through the valve e and then np : 

deal pipe cd; at the some time the 

jy the atmospheric pressure, rises up 

i A, and opening the valve a follows 

on in its ascent: on the contrary, when 

ton descends, the valves a and e are 

and e and b are opened j the water Fig. iss. 

forced, through tlie valve c, up the vertical pipe cs^ 

] water from the well enters the cjUnder through the 

and follows the piston in its descent; and bo <Hito 

nber of strokes. 




The Fire Engine. 

This engine is umply a ccmibination of two fornng 

having a common air . v^^ 
r H, and the same suc- 
>e F descending to the 
ntended to supply the 

(see Art. 18«.). The 
B, tumii^ on its centre 
on K, works the two 
O and D ; so that while' 

is descending the other 
ding, thereby keeping up 
luous flow of water into 
chamber h. A flexible 
L, of leather, called a 
ittached to the discharge 
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pipe, to enable the engine-man to direct the stream of water 
upon any particular spot. The degree of compression at-^— 
tained by the air in the chamber^ regulates the velocity with. 
Krhich the water is projected from the nozzle l of the hose. 

If, for example, the air be compressed to one half it^ 
original bulk, then it will act upon the surface of the waters 
in the chamber with a pressure equivalent to that of th^ 
atmosphere, and the water would be raised in the pipe e t(^ 
the height of about 34 feet, or it would be projected froi^ 
the nozzle l with a velocity equal to that which a bodr^ 
would acquire in falling freely, by 
the force of gravity, from this 
height. 

Fig. 170. shows the manner in 
which the fire engine is sometimes 
worked. Here h is the air chamber, 
▲,B the handles by which the men a 
work the pumps, and e the part 
of the discharge pipe to which 
the hose is attached. 

The pistons p and p' are 
Inoved up and down by double 
chains attached to two sectors, 
after the manner explained in 

Art 157. Fig. 170. 




A Ship Pump working vnth Parallel Motion, 

188. Water is raised by lliis engine in the same manner 
as in the common forcing pump, with an air chamber. Here 
S and s^ are two cylinders in which the solid pistons p and f^ 
work ; D and d' are valves lifting upwards ; v and v' valves 
lifting outwards into the air chamber A; k is a pipe first 
passing laterally and then downwards into the water which is 
to be raised; n a, a e f, f c, the rods forming the parallel motion 
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explained in Art.UO., cr being the radius rod, fg the 
ik to whicli is attached the piston rod Px, and gb one half 
the beam G g' oBcillating on its axis b ; h, h' are levers, hy 
lich an up and down motion is given to the beam ; trana- 
rse bars are fixed to these levers, so as to allow a sufficient 
mber of men to work on each side. 



J%e Chain Pump. 
lan. Hill engine consists of a ctmtinuous chain a.bc, to 
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which are attached a series of pistons or buckets for raising 
the water. This chain passes downwards through the wooden 
tube s, and returns upwards through c, extending over twa 
sprocket wheels Q and j. The anna or teeth of the upper 
wheel Q, acting upon the notches or teeth cut upon the link* 
of the chaio, put the chain of pistons or buckets in motion. 
The lower portion cd of the ascending tube is lined with a 
brass barrel, ia which the pistons or buckets are fitted ; so that 
whilst the^are ascending through this, barrel, the^atm,i> 
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up and discharged at ihe top a of the tube. The 
<) is turned bj a winch ; a shows the shape of the links 
ig the diain ; 6 the section of the pistons or buckets. 



A Pump wrought by a dottle Crank. 
. This figure exhibits a method of working two com- 




fig. 173. 



lumpe bjr means of cranks, so as to maintain a con- 
s discharge of water, The power is applied to the 
A, giving a rotatory motion to the flj wheel B and the 
fixed on the same axis ; the pinion c gives motion 
spur wheel d, turning on its axis oh ; this axis is bent 
le form of two cranks lmk, ino ; to these cranks are 
ed the piston rods n and f of the two pumps. 
blem. Let the circumference described by the winch 
et ; the number of teeth in the pinion c and wheel d 
tively =6 and 30 ; the height to which the water is 
=20 h. ; and the quantity of water discharged at each 
1 stroke of the pistons, or, what is the same thing, at 
-evolution of the crank-axis =2 cubic feet; it is re- 
to find the pressure, f lbs., which must be applied to 
nch, the modulus of pomps being ). 



Here while the crank-axis makes one rerolatian the wind 
nutkes 5 ; 

.*, the space moved over b^ the power f during a double 

stroke of the pistoiis=6 x 5=30 ft. ; 

.'. effective work performed byp in thisspace^SOxFXj; 

and work in pumping the water=2x62-5x20; 

.-. 30xpxj=2x62-5x20j 

.-, F=1251be. 



Pvmjufor rauinff Water from Dyhe*. 
in. Here d and k are two pump barrels commnnicttiDg 
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with the pipe f which descends into the water to be raised ; 
a and e are the piston rods, attached to a double handle ab 
tonung on the centre c ; r is a trough which receives the 
^Ater as it is thrown up bj the pumps. By means of pipes 
pit)ceeding firom this trough, the water maj be conveyed to 
^jr distance. 



The Archimedean Screw. 

192. This simple and beautiful contrivance for raising 
^ater was invented by the great Archimedes. It simply 
insists of a pipe wound, in 
^ Spiral form, about a solid 
cylinder ab, which is made 
to revolve on its axis by 
^eans of the winch h. The 
^ower orifice a of the spiral 
tube dips into the water to 
be raised, and it is dis- 
charged at the upper orifice. 
As the cylinder is turned 
][t>und, the water, which 
enters the orifice a at each ^*^ ^^^' 

^revolution, runs down a series of inclined planes until it 
flows out at the upper orifice. In order to illustrate this 
action, let a marble be put into the pipe at a, then as the 
cylinder is turned round, the marble will continue to roll 
down a succession of inclined planes (formed at each revolu- 
tion of the cylinder) until it is discharged at the upper 
orifice. 




Hydraulic Ram. 

193. This elegant and useful contrivance for raising water 
may be employed with advantage where there is an abundant 
supply of water with only a small descent. 

o 3 
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. This engine acts on the principle; of accuxniilated w(Hi 

(see Art 139.) : a body* 

of water acquires motion 

in its descent through 

an inclined pipe, a; and 

the outlet k upon being 

suddenly closed, allows ■^»^- 176. 

the work accumulated in this body of water to expend itself 

in forcing some of the fluid, in the pipe b^ into an air 

chamber d, whence it is raised by the pressure of the air in 

the chamber to any proposed elevation. 

A is an inclined pipe conducting a stream of water from a 
reservoir; b a horizontal portion of this pipe, having a 
valve e opening into the air chamber d; a is a heavy valve 
which closes, when it is lifted upwards, the outlet of the 
water at ^ ; this valve is so heavy that it descends in the 
quiescent fluid by its own weight, thereby opening the outlet 
at ky at the same time it is capable of being lifted up by the 
impetus of the water as it rushes out of the opening k with 
the velocity acquired in descending the inclined pipe a. 

The valve a being first opened, the water, rushing out of 
the orifice k, at length acquires a velocity sufficient to drive 
the valve a upwards, thereby closing the orifice k ; the cur- 
rent of water through k being thus suddenly checked, ex- 
pends the work accumulated in it in forcing some' of the 
fluid through the valve e into the chamber d. Now when 
the water has become quiescent, the heavy valve a descends 
by its own weight, and opens the orifice k ; the water again 
rushes out of the orifice, and so on as already described. 



Suction Ram, 

194. The principle of this engine is similar to that of the 
preceding one. 
"Water flows from the reservoir a through the pipe abdk ; 
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a heavy ball valve which, upon being lifted np, closes 
irifice d; uh is the well from which the water is to be 
d ; os' is a pipe having a valve at q', passing from the 
r in the well iato the bottom of an air chamber hh, coll- 
ated exactly as in the forcing pump. Art. 186.; e is a 
3 lifting upwards, which opens and closes, as the case 
he, the communication of the vertical pipe h with the 
EK, The motion of the water through the pipe abdek 
(Stained by the pressure of the water in the cistern a. 
'□ the water has attained a sufficient velocity, the valve 
lifted up and the orifice d closed (see the description of 
hydraulic ram) ; the water in the horizontal pipeoEK, 

the velocity it has acquired, continues to discharge 
r at K, thereby forming a vacuum or void in the inner 
on of the pipe; the pressure of the atmosphere then 
s the water from the well mn into the pipe dee; this 
r is discharged at k along with the water proceeding 

the cistern a. When the water becomes quiescent, the 
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valve c hBB and again alloirs the water from the c 
to flow thioi^h the pipe dsk, and so on, to the s» 
lift 




MACHINES IK WHICH WATER IS THE PRIME 1 

fFaier Wheels. 

19& Ftg. 178. represents an UNDEBSHor-WHKELy 
on the axle A; mn is a 
carrent of water, which 
striking against they2tNv^ 
boardtj causes the wheel 
to revolve on its axle a ; 
on this axle is fixed the 
toothed wheel which 
drives the machinery. 

In Fencelet's nnder- 
shot whed the float- 
boards are curved to- 
wards the direction of 
tiie current, so that the 
water rolls np their surface and does not leave the 
all its work is spent upon 
liie wheeL 

Ftg. 179. represents an 
OVERSHOT-WHEEL, turn- 
ing on its centre o ; ef 
is a stream of water flow- 
ing over the top of the 
wheel, into the buckets 
c, d, &c., fixed upon the 
rim of the wheel; the 
gravity of the water in 
these buckets causes the 
right hand side abc of 
the wheel to be heavier -fv- 179. 



Fig. 178. 




barker's mill. 
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e ottiei!' Aioy where the buckets are empty, being aU 
upside down ; hence the wheel revolves in the direc- 
3. Let cm and dnhe perpendicalars let fall from the 
of gravity of the water in the two buckets c and d 
velj, then o m will be the leverage of the water in 
Let c ; and o n that of the bucket d ; the bucket b, in 
izontal line ob, will have the greatest leverage, and 
ently will act with the greatest efficiency in moving 
eL As the buckets descend below b, they not only 
i a decreasing leverage, but the water which they 
is continually flowing out of them, until they arrive 
en they become completely empty. 



Barket^s MiU. 

rhis simple and elegant engine is moved by the 

of water undergoing ^ 

. CD is a hollow cylin- ^ "^ 

dng on a vertical axis ; 
a horizontal cylinder, *^^ 
icating internally with 
ler ; at the extremities 
horizontal cylinder two 
s A and b are made in 
.'s, opening in opposite 
IS. On the continuation 
vertical axis, the upper 
le s is fixed, and there- 
olves with it; H is the 
elivering the corn to be 
A continuous stream 
flows through the pipe 
he cylinder CD. Let us 




Fig, 180. 



that the cylinder CD, with its horizontal branch ab, 

3d with water ; then the pressure of this column of 

cause the water to be projected in jets from the 

o 5 
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orifices A and b in opposits directions; then tbe reooil or 
reaction of these jeta upon the extremities of a and b, gives 
a rotatory motion to the wliole machine apon the vertical 

Of, to takh another view of the principle of action io this 
machine : if the orifices at a and b were closed, tbe colamo 
of fiuid in the vertical tube CD would press equally on botb 
sides of the horizontal tube ab ; but when the orifices a and 
B are opened, the pressure on these parts ia released, while 
the pressure upon the sides opposite to them remuns tbe 
same ; hence the tube ab revolves in the direction of the 
greater pressure ; that is, in a direction contrary to that at 
thejeta of water. 



THE STEAM ENGINE. 

Savery's Engine. 

197. This engine was used for nusing water from deep 
mines ; tbe principle on which it acts may be explained as 
follows : — c ia a lai^ cylindrical vessel, called the receiver, 
into which steam enters by the steam 
pipe a, communicating with a strong 
boiler, called the iteam boiler, where 
steam at a high pressure is generated ; 
the steam pipe s has a cock a, called the 
steam cock, which opens and closes tlie 
commnnication of the receiver with the 
steam boiler; i is the injection pipe, 
which conveys a jet of cold water into 
the interior of the receiver, for the pur- 
pose of condensing the steam ; this pipe 
has also a cock b, called the injection 
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codk; these two cocks, a and b, are turned bj the same 

handle a, so that when b is open a is closed, and vice versa ; 

' is a pipe descending into the water which is to be raised ; 

at the top of this pipe is the valve v, lifting upwards ; ed is 

a* pipe proceeding from the bottom of the receiver to the 

^tem, into which the water is to be discharged ; in this 

{upe is placed the valve v, lifting upwards. 

To work the engine, the steam cock a is opened and b is 
dut ; then the steam, rushing along the steam pipe s, enters 
the receiver c, and drives the air out of it, through the 
^alve V. When the receiver is filled with steam, the steam 
cock a is closed, and at the same time the injection cock b is 
opened ; then the jet of cold water, proceeding from the in- 
jection pipe, instantly condenses the steam in the receiver, 
and a vacuum is formed ; the pressure of the atmosphere on 
the surface of the water in the well or pit forces the water 
up the pipe f, and nearly fills the receiver. The engine- 
man now lays hold of the handle a and opens the steam 
cock a, at the same time that he closes the injection cock b ; 
the steam again enters the receiver, and by its great elastic 
pressure, exerted upon the surface of the water, forces the 
water, through the valve v, up the pipe ed, to the top of 
the pit or mine. In the same manner the engine is made to 
perform any number of strokes. 

The defects of this engine are as follows : 1. It is limited 
in its application to the raising of water; 2. There is a great 
loss of power, at each successive lift, occasioned by the 
steam coming in contact with the cold water in the receiver. 



Newcamen^s Engine^ with the Crank and Fly-wheel. 

198. This engine was a great improvement upon Sa- 
very's. Its leading features are represented in ^. 182. o 
is the boiler communicating with the cylinder s by means of 

G 6 
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J%. 182. 



the steam pipe b; f is the piston rod connected with a solid 
piston which works steam<tight in this cylinder ; the rod P 
of the piston is connected with the chain which coils round 
the arched head a 6 of the great beam i. l ; so that as the 
jtiston descends the extremity of the great beam is drawn 
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, and at the same time tlie 
1 rod does not deviate from its 
;al position ; o is a cistern of 
water called the injection ciS' 

from this descends the injec- 
pipe GiK (see also ^^. 183.), 
1 enters the bottom of the 
ler; k is the injection cock; 
3 opposite side of the cylinder 

is a lateral pipe, turning up- 
i at the extremity, having a -%• ^^^* 

N, called the snifting valve^ lifting upwards ; Q is the 
ion pipe for drawing off the water formed in the cylin- 
the extremity d of this pipe is inserted in a vessel of 
', and has its orifice closed by a valve lifting outwards, 
len the engine is required to be put in action, let us 
>8e that the piston p is drawn to the top of the cylinder ; 
:eam cock s is opened, and the injection cock k is closed ; 
the steam, having a pressure a little above that of the 
sphere, flows from the boiler into the cylinder, and 
3 out the air through the snifting valve N ; when the 
ler is completely filled with steam, the steam cock s is 
i, and the injection cock k is opened, then a jet of cold 
• is thrown into the cylinder, which instantly condenses 
team ; a vacuum being thus formed, the pressure of the 
iphere upon the top of the piston causes it to descend ; 

the piston has arrived at the bottom of the cylinder, the 
i cock s is again opened and the injection cock k closed; 
the steam again enters the cylinder, blows out as before 
ir that may have got in, and forces the water, formed 
3 cylinder by the condensation of the steam, down the 
ion pipe Q ; this water escapes by the valve d into the 
n ; the steam beneath the piston now balances the pres- 
Df the external air, and a counterpoise at the opposite 
if the great beam raises the piston in the cylinder ; but 
3 engine represented hy^g. 182. this is effected by the 
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momentum of the fly whe^I qq. In the same manner any 
number of strokes are performed. In this engine the pres- 
sure of the atmosphere is the moving power, the steam being 
merely employed to form the vacuum beneath the piston. 
With the crank and fly wheel this engine was employed as a 
prime mover of machinery generally, and the whole of its 
parts were made self-acting by Beighton and Smeaton. Its 
defects are as follows: 1. The want of uniformity in the 
action of the moving power ; 2. The loss of power, at every 
upward stroke of the piston, from the condensation of steam 
by the cold cylinder ; for it will be observed, that at every 
downward stroke the cylinder had to be cooled down by the 
injection water. These defects are completely remedied in 
Watt's double-acting engines^ by introducing a separate 
vessel, called the condenser, where the steam is condensed, 
and by using the steam not merely to form a vacuum, but 
also to move the piston up and down by its elastic pressure. 



Watfs Engine. 

199. The first engine constructed by Watt was what is 
called the atmospheric engine, which only differed in prin- 
ciple from Newcomen's, by having the steam condensed in a 
vessel separate from the cylinder. He afterwards employed 
the steam to produce an upward as well as a downward 
stroke, and from this circumstance the engine has been called 
the double-acting condensing engine. This new principle 
required that the piston rod should be connected with the 
extremity of the great beam, in such a madner that the 
motion of the piston should be communicated to the beam 
in both directions of the stroke ; this led to the invention of 
the parallel motion described in Art. 160. of this worL 
Various other mechanical artifices were also introduced by 
him, to render the machine perfect in all its parts ; such as 
the contrivances for lifting the valves so as to distribute the 
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Steam in the manner required for the proper action of the 
stefim upon the piston, also the governor described in Art 
135., &C. 

200. Double-acting Condensing Engine, the Condenser, 
^e.'-Fig. 186. represents a ssction of the cylinder and con- 




denser of a double-acting engine, c is the cylinder closed 
on all wdes, excepting at the onfices p and i^ for admitting 
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the steam above and below the piston p ; the piston rod b 
passes through a stuffing-box k, rendered steam-tight by 
being packed with lint and tallow ; this piston rod is con- 
nected with the parallel motion described in Art 160. b is 
the condenser y where the steam is condensed bj a jet of cold 
water proceeding from the injection cock e; ww is the 
cold water well surrounding the condenser ; p is the piston of 
the air pump, which pumps out the air and water collected in 
the condenser, thereby rendering the vacuum more complete ; 
G is a valve, lifting to the right, which opens the communi- 
cation between the condenser and air pump ; Q is a valve, 
lifting towards the right, through which the hot water is 
pumped into the hot water well o ; the piston rod d of the 
air pump is attached to the great beam, so that the piston p 
.is moved up and down in the same manner as the piston p of 
the cylinder ; h is a handle by which the injection cock e is 
turned, so as to regulate the quantity of water injected into 
the condenser. 

Now, when the piston is about to perform a downward 
stroke, the steam from the boiler is admitted through the 
opening f into the upper part of the cylinder ; at the same 
time the steam in the lower part of the cylinder is carried off 
through the opening D into the condenser b, so that whilst a 
vacuum is kept up below the piston, the steam is acting with 
its full pressure upon the upper side of the piston. The 
piston is, therefore, forced downwards by the pressure of the 
steam. When the piston is about to perform an upward 
stroke, the conditions are exactly reversed : by an arrange- 
ment of mechanism, which will be hereafter described, the 
communication of the opening d with the condenser is shut 
ofT, and the steam is now allowed to enter the lower part of 
the cylinder through the opening d, whilst the communica- 
tion between f and the condenser is opened, and the steam 
in the upper part of the cylinder passes off into the con- 
denser ; in this case, therefore, the steam is acting with its 
full pressure upon the under side of the piston, whilst a 
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vacuam is kept up above the piston. The piston is there- 
fore forced upwards by the pressure of the steam. It must 
be observed that a perfect vacuum is never attained in the 
condenser, in consequence of the vapour arising from the 
water. 

VALVES FOR REGULATING THE DISTRIBUTION OF THE 
STEAM THROUGH THE CYLINDER. 

201. There are various contrivances now in use for regu- 
lating the distribution of the steam. In the engines con- 
structed by Wat^ the valves were opened and closed by 
means of pins, or tappets, fixed to an oscillating rod, called 
the plug-tree, attached to the great beam of the engine. In 
engines of moderate power, much more simple contrivances 
have been adopted, such as the slide valve, the D-valve, and 
the four-way cock. 

SLIDE VALVES, ETC. 

202. Locomotive Engine, with the common Slide Valve. — 
Itg, 187. represents the common slide valve, with its rela- 
tion to the other parts of the engine, as commonly used in 
our locomotives. Here p is the piston, moving in the cylinder 
C which in a locomotive engine lies in a horizontal position ; 
CD is the piston rod passing through the stuffing box k; 
DE is the connecting rod, being connected with the piston 
rod by a joint at d ; ef is the crank attached to the axle f 
of the driving wheel of the carriage ; the effect of this me- 
chanical arrangement is, that whilst the piston moves back- 
wards and forwards in the cylinder, the connecting rod and 
crank transmit this motion, so as to give a rotatory motion 
to the axle of the driving wheels, which moves the carriage 
forward on the rail. We have now to consider a distinct 
piece of mechanism, for moving the slide valve up and down 
in the steam box ab, so as to regulate the distribution of the 
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steam in its pa[ssage into the cylinder. The motion of tiie slide 



valve must be so adjusted that 
when the piston is ascending the 
steam must be entering the under 
part of the cylinder, while the 
steam above the piston is allowed 
to escape into the atmosphere, as 
in the case of a high pressure en- 
gine, or allowed to pass into the 
condenser in a condensing engine ; 
on the contrary, when the piston 
is descending, the steam must be 
entering the upper part of the cy* 
linder, while the steam below the 
piston is allowed to escape into 
the atmosphere, or the condenser, 




FigA90. Fia. 189. 




Fig, 188. 




Fig. 187. 



as the case may be. In ^g. 187. ab is the steam boXy whicli 
is kept constantly filled with steam by the steam pipe s, pro- 
ceeding from the boiler; the slide valve is moved up and 
down by the rod rh passing through a stuffing box b ; a is 
the upper steam port or orifice leading into the top of the 
cylinder, and e is the lower steam port ; exactly between 
these ports is an opening c, which conducts the steam into 
the condenser, or the atmosphere, as the case may be ; G is 
an eccentric wheel, which turns upon the axle f as a centre 
of motion; Qk is the eccentric rod attached to the extremity 
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of the lever kn, turning on the fixed centre 1 ; the extremity 
H of this lever is attached to the rod of the slide valve, so 
that when the piston p is ascending the slide valve is descend- 
ing, and vice versa (see Art. 200.). The sUde valve is a piece 
of metal hollowed on one face, and made to connect two of the 
openings, a, c, e, on the side of the cylinder, at one time. Fig* 
189. shows a separate longitudinal section of the valve, ipid 
fig. 190. shows a view of its hollowed face« This face lies 
fiat against the side of the cylinder, so that the steam, in the 
steam box, cannot pass beneath the face of the valve^ 

In fig* 187. the piston p is supposed to be ascending, and 
the steam is passing through the lower port e into the under 
part of the cylinder, at the same time the steam is passing 
from the upper part of the cylinder through the upper porto^ 
and is discharged through the centre port c. When the 
piston has performed an upward stroke, and begins to 
descend, as in fig, 188., the valve has made a downward 
stroke^ and now connects the lower steam port e with the 
centre port o, leaving the upper port a open for the steam to 
enter the upper part of the cylinder; and so on to any 
number of strokes. 

In practice it is customary to have the motion of the valve 
so adjusted, that the steam port may be slightly 
open when the piston has completed its stroke. 
The small space thus open is called the lead of 
the valve. This lead allows time for the steam to 
enter the cylinder, so as to prepare for the suc- 
ceeding stroke of the piston. 

203. Thejy-valve, — Figs. 184, 185, and 186, re- 
present sections of this valve at difierent positions 
of the piston. 

Fig. 191. represents a longitudinal section of the 
valve itself; o is the valve rod working through 
the stuflSng box ; e is an opening passing through 
the valve, of which a transverse or cross section is 2^/0.191. 
shown in fig» 192.; s is the hollow in the valve 
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through which the steam passes to the top or bottom 
of the cylinder, as the case may be ; a by in fig. 
192., is the packing at the back of the valve, which 
works steam-tight against the valve box. This is 
called the D-valve, from the form of the cross section, •^•'^* 
shown in^^. 192. 

In fig, 186., s is the month of the steam pipe proceeding 
from the boiler ; c is the pipe leading to the condenser B; 
O is the rod by which the slide valve is moved up and down ; 
E the longitudinal opening passing through the valve ; f the 
port leading into the upper part of the cylinder, and d the 
lower port leading into the lower part. Now in the position 
of the slide valve shown in fi^. 186., the steam enters at s. 
then passing through the hollow of the valve, enters the 
upper port of the cylinder through the opening f, and causes 
the piston to descend ; at the same time the steam, from the 
lower part of the cylinder, passes through the port t> into the 
condenser b. On the contrary, in the position of the valve 
shown in jf^. 185., the steam, passing through the hollow d 
the valve, enters the lower part of the cylinder through the 
port D, while at the same time the steam in the upper part 
of the cylinder escapes through the port f, and, descending 
through the longitudinal opening e in the valve, enters the 
eduction pipe c leading to the condenser. Fig, 184. repre- 
sents an intermediate position of the valve. The valve is 
moved by an eccentric, precisely in the same manner as de- 
scribed in Art. 202. 

THE FOtJR-WAT COCK, WITH ITS APPLICATION. 

204. This simple and beautiful mode of distributing the 
steam is represented mfigs, 193. and 194. s, b, c, t are four 
tubes ; s communicates with the boiler ; c leads to the condenser, 
or to the external air, according as the engine is a condensing 
or a high pressure one ; b leads to the bottom of the cylinder, 
and T leads to the top of the cylinder. These four tubes 
enter a cock which has two curved passages leading through 
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Fig. 193, Fig.l9*. 

it, as shown in the figures. These passages are cut in Buch 
a manner, that by turning the cock, they may- be made to 
open a communication between any two adjacent tabes. In 
the position of the cock, shown in ^g. 193., the steam is 
passing through the tube b, to the bottom of the cylinder ; 
nt the same time the steam ia passing from the top of the 
cylinder, through the tube t, into the tube C leading to the 
condenser. In ^^. 194. the cock has performed a quarter of a 
revolution : the steam is now passing through the tube t, to 
the top of the cylinder ; at the same time the steani is passing 
from the bottom of the cylinder, through the tube n, into the 
tnbe o leading to the condenser. The eccentric is usually em* 
ployed to move the cock, after the manner described in Art. 



aoS. Leupoldt High Preiture Engine. — The four- 
way cock was invented by Leopold. He 
employed it in a high pressure engine, of 
which ^;^. X95. is a representation ; where a. 
is the boiler ; e and are two cylinders i 
which the pistons e and c work ; f the waste 
steam pipe proceeding from the four-way 
cock. The piston rods d and a are attached 
to the extremities of two great beams, quite 
distinct from each other, but at die same 
time BO adjusted, that whilst i> is ascending fi 
a should be descending, and so on. The 
effect of this contrivance is the same as that 
of a douUe-Bctisg engine. The pressure of the steam em- 
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plojed must be confiiderablj above that of the atmosphere, 
since the upward stroke of each piston is performed by the 
pressure of the steam beneath it, whilst the upper side of 
the piston undergoes the pressure of the atmosphere. In 
the position of the four-way cock, shown in the figure, the 
steam is passing into the lower part of the cylinder e, and at 
the same time the steam is making its escape from the lower 
part of the cylinder c, through the waste pipe f, into the 
atmosphere. It will be observed that the motive force of the 
steam is only employed during the ascent of each piston. 



APPENDAGES OF THE STEAM BOILER. 

The following appendages of the boiler have not been de- 
scribed in the foregoing portion of this work. See Arts. 136. 
and 137. 

THE SAFETY VALVE. 

206. The safety valve is used to secure the boiler from 
bursting by the excessive pressure of the steam. Fig. 196* 
represents the lever safety valve^ 
where ab is the lever with its n l ! i 
load L, pressing upon the head of 
the valve v which closes the open- 
ing s leading into the boiler. By -^v- I96. 
sliding the load l along the lever, any amount of pressure 
may be put upon the valve that may be found necessary to 
work the engine. The divisions upon the lever enable the 
engineer to determine the elasticity of the steam in the 

boiler. 

Fig. 197. represents the spring safety valve for high pres- 
sure engines. This only differs from the common safety 
valve just described^ in having the extremity a, of the lever 
AB, pressed down by means of a spring in the place of a 
load, which would be inconveniently large in the case oC 
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Fig. 197. 



high pressure engines. Here ab is the lever turning on the 
fixed centre b ; v the conical valve, opening or closing, as 
the case may be, the pipe s 
proceeding from the boiler; 
G the point in the lever to ^^ 
which the pin of the valve 
is attached ; d is a case 
containing the spring 
which draws the extre- 
mity A of the lever down- 
wards ; n is a nut, which 
screws upon the rod b, 
for adjusting the force of 
the spring exerted upon 
the extremity of the lever ; 
N is a pointer with a graduated scale, for indicating the amount 
of pressure produced upon each square inch of the valve. 
Now as the nut n is turned, the spring becomes more and 
more compressed, and the pointer k indicates the number of 
pounds per square inch with which the valve v is pressed 
downwards. Thus, if the pointer stands at 401bs., then the. 
steam will be retained in the boiler so long as its pressure 
does not exceed 40 lbs. per square inch ; but when the pres- 
sure of the steam exceeds this quantity, the valve v is raised 
and a portion of the steam is allowed to escape, which tends 
to lessen the elasticity of the steam in the boiler, and hence 
the steam is always kept at or near the pressure indicated 
by the pointer. 

THE STEAM GAUGE. 

207. This instrument is designed to indicate the degreiB of 
pressure of the steam which is used in working the engine. 
Fig, 198. represents a mercurial steam gau^e ; aqde is a 
bent tube, open at both extremities, passing from the vessel 
B containing the steam ; g is a graduated scale for indicating 
the height of the mercury in the leg de. When the pressure 
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of the ateam is equal to that of the external air, the mercniy 

in the two legs, CD and 

DB, stands at the earns 

level HB; but when the 

pressure of the eteam is 

greater than the external 

air, the mercury is de. 

pressed in the leg c o and 

elevated in the leg de. 

The excess of pressure of 

the st«am above that of 

the atmosphere is found 

by observing the differ- 



ence of the levels of the mercury in the 1«^ de and dc, and 
then allowing half a pound, as the pressure of the steam on 
each square inch, for every inch in the difference of the levels. 
The bent tube is frequently made of iron : in this case a 
float T with a rod and pointer, is inserted into Uie open 
end of the tube ; as the float f is raised or depressed 
with the mercury, the pointer is made to indicate the differ- 
ence of the levels of the mercury in the two legs of the 



the wateb qauge. 

a08> Tliis simply consists of a bent glass tube a.ocb ; 
where one extremity, a, enters the boiler above the proper 
level HB of the water, and the other ex- 
tremity, B, enters below the proper level- ; as 
the water must stand at the same level in the 
glass tube DC that it does in the boiler, the 
eye of the engineer will at once see what 
depth of water is in the boiler. Another 
kind of water gauge is explained in the ^- ^^■ 
general description of the steam engine. (Art. 210.) 



BOILERS. 



FORMS OF BOILERS. 

209. In the construction of steam boilers two things are 

>ecially to be observed: — 1st. The boiler should have 

at form which, under the given circumstances, is best 

Jculated to resist the expansive force of the steam as well 

i the destructive action of the heat. 2nd. The fire of 

/le furnace should act upon a large extent of that portion 

>f the plate which is in contact with the water. Fig, 200. 

represents a longitudinal as well as a cross section of what is 

called the Butterly boiler, which is much used in our manu- 




Fig. 200. 

facturing districts. A represents the ash-pit, ff the furnace, 
B the boiler, and hh the level of the water in the boiler. 
The concave form given to the bottom of the boiler obviously 
brings a larger extent of surface in contact with the flame, 
than would take place if the bottom were flat. 

For the various practical details connected with the con» 
struction of boilers, &c., the student may consult Bourne'^ 
*\ Treatise on the Steam Engine." 
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GENERAL VIEW OF A DOUBLE-ACTING CONDENSING 

ENGINE. 

210. The steam boiler and its appendages are represented 
in Jig, 201. Here f is the furnace ; bb the water in the 
boiler ; ww the space occupied by the steam ; q is the 
steam pipe which conducts the steam to the cylinder \ cahw 
the safety valve (see Art. 206.); ov the pipe of the water 
regulator, s being the float, &c. (see Art. 126.) ; i a pipe, 
proceeding from the hot water well, which supplies the 
boiler with water ; c and c' are the water gauges; the former, 
c, is called the water-cocky because it communicates with the 
water in the boiler, whereas c^ is called the steam-cock 
because it communicates with the steam in the boiler ; when 
the water in the boiler stands at a proper level, upon open- 
ing the two cocks, water will issue from the water-cock c, 
and steam from the steam-cock c' ; but if the boiler contains 
too little water, the steam will issue from both cocks ; ^ ^ is 
another form of the water gauge (see Art. 208.) 

211. The engine, with its various parts, is represented in 
fig. 202. Here bf is the great beam turning on the centre 
a; BK the parallel motion (see Art. 160.); ep the piston 
rod, attached to the piston p ; c the cylinder ; s the steam 
pipe transmitting steam, through the four-way-cock, to the 
top and bottom of the cylinder, as explained in Art. 204. ; j 
is the condenser, and the air pump, surrounded by the 
cold water in the cold water well ll (see Art. 200.); w is 
the hot water well, from which water is pumped through the 
pipe tt to the reservoir v, which supplies the boiler with hot 
water as it is required ; K, the rod working this pump, is 
attached to the great beam ; m is another rod, attached to the 
great beam, working the pump s, which supplies the cold 
water well with a constant stream of cold water; fb is the 
connecting rod and crank, giving a rotatory motion to the 
fly wheel hh, (see Art. 27.) ; the eccentric, fixed to the 



OBMERIL VIEW Or THE STEUl ENaiMS. 




ude of the crank, as shown in the figure, works the foor- 
way-cock, as explaJned in ArtUZ.; o is the governor, 
regulatiDg the supply of steam to the cylinder, as expluned 
in ArklSS. 
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CHAP, XL ' 

PROBLEMS ON MECHANISM. 

« 

1. The length of a rod, revolving on one of its extremities, 
is 6 ft., and its angular velocity is 4 ft. ; required the velocity 
of its extremity. Ans. 24 ft. 

2. A wheel, whose radius is 4 ft., performs 12 revolutions 
per minute ; required its angular velocity per second. 

Ans. 1-2566 ft. 

3. In a LEVEE of the second kind (see Jig, 4.), afs=7, 
BF=3 ; required the velocity ratio of the power and weight 

Ans. 2^ 

4. Required the velocity ratio of the power and weight in 
the system of rods represented in ^g. 6., when ac=5, 
CB=2, BQ=6, QD=3, DE=:7, and RE=1. Ans. 35. 

5. Required the velocity ratio of the point a and the rod 
GK, in the link-work represented in ^g, 10., when ab=9, 
BC=2, DE=:6, and ef=3. Ans. 9. 

6. Draw a system of pullets, similar to that represented 
in^^. 26., so that the velocity ratio of p and w may be 16. 

7. If the handle of a common windlass is 2^ ft. long, 
what must be the diameter of the axle, so that the velocity 
ratio of p and w may be 10 ? Ans, 6 in. 

8. In the cjompound wheel and axle (see Jig. 42.), the 
length of the handle po=2 ft, the diameter of the large 
axle A =10 in. and the diameter of the small axle D=9j- in.;* 

it is required to show that — p^ — =192. 

9. What must be the difference between the diameters of 
the axles, in a compound wheel and axle, so that the velocity 
ratio of p and w may be 100, when the length of the handle 

Is 2^ ft? 4ns. ^{L 
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10. It is required to find the velocity ratio of P and w in 
the wheels and axles represented in ^g, 43., when the 
diameter of f=20 in., diameter ob=6 in., diameter ad 
=50 in., and the diameter e=:3 in. Ans, Aoo. 

If p descend 4 ft., through what space will w ascend ? 

Ans. -072 ft. 

11. If the diameters of the wheels, in the last problem, are 

3 times the diameters of their respective axles, then — ^-^— 

^ velo. w 

=9. 

12. In ^. 20., if the diameter of the wheel dc is 18 in., 
what must be the diameter of the wheel ab, so that it may 
make 4 revolutions whilst do makes 3 ? 

In this case 4 revolutions of ab must be equivalent to 3 
revolutions of DC ; and therefore 4 times the diameter of ab 
must be equal to 3 times the diameter of DC. Hence we 
have 

4 X diam. AB=3 X 18) 

/. diam. ab= — ^ — =13^ in. 

13. To determine the synchronal rotations (or rotations 
performed in the same time) of the axes of speed pulleys. 

(1.) Injfig. 20. let the diameter of the pulley dc= 9 in., the 
diameter of ab=6 in. ; required the least number of complete 
rotations which the axes of the pulleys must respectively 
make in the same time. 

Let DC make 1 revolution, then (Art. 34.) 

9 3 
No. revo. AB=-==r, 

6 2 

thus it appears, that whilst DC makes 1 revo., ab makes 1^ ; 
therefore, doubling the no. of revolutions of each, whilst dc 
makes 2 revo. ab makes 3. 

(2.) Required the same as in the preceding example, when d and d 
are put for the diameters of the pulleys dc and ab respectively, and q 

H 3 
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and q the nnmber of rerolittioiis which the axes kq and bf retpeoliTely 
make in the same time. 

Here the spaces described hj the drcomferences of the wheds in the 
same time are equal, but the one wheel makes q revo. whilst the other 
makes 9, 

.'. space described hy drenm. od>bvd x q, 
•nd t» f» $» AB^wdxq, 

/. wj}xQ^'wdxq, 
/. J>xQ^dxq...(l), 

•• q x)"*^ ''• 
In the foregoing example, d»9, and <^s6 ; 

'•993' 
that is, the synchronal rotations are, q^S, and QaB2. 

(3.) In a group of speed pulleys (see fig. 44.)» let the sum of the dia- 
meters of the driver and follower » 30 in., and let the driver pertoin 
1 reva whilst the follower performs 9 ; required the diameters of tbe 
pulleys. 

Here the diameter of the driver must be 9 times that of the follower; 
therefore the diam. of the follower»«3in., and the diam. of the driTer 
-27. 

Or generally, let <fBthe diameter of the driver, SBtbe constant sum 
of the diameters of the driver and follower, and ^.Q—the na of rota* 
tions which they respectively perform in the same time $ then 

diameter follower, ot d » a — <f i 

substituting this in eq. (2), we have 

••• -^-^ - (*>• 

9 xSO 
In the preceding example, 9«>1, q»9, and 8*30$ .', <f»-r— r 

8r X 1 



27. 



(4.) To find the diameters of a set of five speed puUeys, 
whieh ah&H produce a series of velocity ratios in the axe8> cor* 
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iding to the geometrical series i> ^ 1> 3, 9 ; the con- 
sum of the diameters being 30. 

ire the diameter of the first driver must be -^ of that of 
>llower; therefore, the diam. 1st driver =3 in., and its 
wer = 27 in. 

he diam. of the 2nd driver must be ^ of that of its follower ; 
'cfore the diam. 2nd driver =7^ in., and its follower 
2i in. 

rhe diameters of the 3rd pair will be equal, and therefore 
;h equal to 15 in. 

The diameters of the 4th pair will be the reverse of those 
the 2nd pair; and those of the 5th pair the reverse of 
le 1st. 

Hence the diameters of the pulleys on each axis will be as 
jllows : 3 in., 7^ in., 15 in., 22^ in., and 27 in. 
In this example the velocity ratio may be written as foUows : 

3^ s' ^' ^' ^^ * ^^^'^ ^^® ^^ ^^'^ ^^ ^ reciprocal pf t]iie 
first, and the last but one the reciprocal of the 2nd, and so on. 
Again, the number of terms is 5, and the common ratio is 3 ; 
now the exponent^ 2, of the first and last terms is found 
thus : 

2= ^ , that is, 

^, ^ no. terms— 1 
the exponent= ^ ; 

this will be hereafter shown to be geiierally true. As anothei 

11 1113 

example, we have the ratios ^y, -, 3, 27, or "5, "i, 9', 9^; wher 

the common ratio is 9, the number of terms 4, and the e: 

ponent of the first and last terms =5=—g—, as in the otl 
case. 

Oenerally, let fisthe no. termi, rathe common ratio, m^the e 
nent of tbe first and last terms, and sathe constant sum of the di 

B 4 
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ten of any dmef and its follower ; then we hare fx the series 
ratios 

where the yaloe of m remains to be determined. 

Now in order to prodnce the last term, f^, the first term -— has be^ss 
multiplied by r"*-" ; 

/, 2m— i» + lsO, 

•*• *™~"2 — "* ^^^ 

We proceed now to find the diameters of the speed pnlleys on the 
drrring axis, in order to produce these velocity ratios. Let </„ dp ... 
cf^-ithe diameters of the 1st, 2nd, ... and nth pulleys respectively, on 
the driving axis ; then these symbols, taken in a reverse order, will be 
the corresponding diameters of the pulleys on the driven axis. 

The ratio of the rotations of the first driver and its fi>llower is -^ 

therefore, by eq. (3), 

— or -= *y, 

Again, the ratio of the rotations of the second driver and its follower 
is — -j, therefore, by eq. (3)» 



»*»-> S-rfj' 



8 



and so on to any pulley in the series. It will be observed that the valu^ 
of m is given in eq. (5). 

In the preceding example, n^S, r^S, and SsSO ; then, by eq. (5), 

n-1 5-1 ^ 
m=-^ ^=2i 
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and by «q. (6), &c, 

, 30 „ . 30 \, J 30 __ 

^>"T;:3«"^' tfa=f:p3=7j, <f,-j-j-^,=i5, 

and so on; but the remaining diameters -will be better found as follo-ws: 
rf^-i6-rfj«30-7i«22J, and (f4=s-(/,*30-3=27. 

A— 1 3 

As another example, let n=4, rsi'S, 8->25, then ma— ^—»-, </} 
_.-«»' 8-8 d,=— =^«ll-24, rf3=25-ll-24=13 76, 



I + I.5I 1 + 1-837 -^ i + i-si 

cl^*=25-8-8*16-2. 

14. Where must the strap, going over the conical axles 
(represented in Jig. 45.) be placed so that the axes may 
revolve with the same speed ? 

15. If the diameters of the wheels in the speed pulleys, 
•shown in Jig. 44., be as the numbers 2, 4, 6, 8, and 10, show 
that as the strap is shifted from one pair of wheels to 
another, the relative velocities of the axes CD and ab are as 
the numbers 5, 2, ], ^, and ^, 

16. In Jig. 47.) what will be the position of the eccentric 
WHEEL c, when the axis d attains its greatest velocity ? 

17. If the spur wheel A (see Jig. 51.) contain 60 teeth, 
how many teeth must the pinion b have, in order to revolve 
15 tiroes while a revolves 4 times? Ans. 16. 

Show, by an example, that the idle wheel b, represented 
in Jig. 55,, does not affect the velocity ratio of the two wheels 
.a andc. 

18. Required the velocity ratio of p and w in the system 
of wheels shown in ^g. 52. ^ when diameter axle g=3 in., 
no. teeth in v=30, no. teeth in the pinion t=5, no. teeth in 
s=s28, no. teeth in pinion b=8, and diameter wheel a 
= 27 in. Atis. 189. 

If w ascend 3 ft., through what space will p desqend ? 

Ans, 567' 

19. In the train of wheels represented in^?^. 53., let 
the no. teeth in N| = 40, no. in ni^S, no. in N2=:30, no. in 

H 5 
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n2=7, no. in ^3=21, na in 913=8 ; if N| makes 1 revolu- 

tion, how many revelations will n^ make ? Ans. 76. 

20. To determine the sjnchronal rotations (or rotations 

performed in the same time) of the axes <^ trains of 

WHEEL-WOBK. 

(1.) Let the no. teeth in the driver b=27 (see J!g. 51.), 
and the no. teeth in the follower a=72 ; required the least 
number of complete rotations performed bj the axes in the 
same time. 

No. revo. b x no. teeth in B=rno. revo. A x no. teeth in a, 

. no. revo. A _ no. teeth in b ..^ 
no. revo. B^no. teeth in a * * * ^ ^. 



• • 



_27_3 
"■72"" 8' 

that is, whilst B makes 8 revolutions, a will make 3 ; and 
these are the least sjnchronal rotations, because the fraction 
f IS in its least terms. 

In a train of wheels (see fig. 53. )> let N|«-the no. teeth in the first 
driyer, n, »the no. teeth in the first follower, and so on as in Art 62. ; 
and moreover, let Q| athe no. of rotations of the first axis, Q,»the no* 
of rotations of the second axis, and so on ; then by eq. (1) 

^=^...(2)5 
simUarly,??-?L3, %^?s ... S!!!±i-?«, 

therefore,, by multiplication and substitution, we have 

<»l «! «» «. 9m ^ ' 

W| IVj Nj ^tn rA\ 

^~ X *"" X """ X ••• X -^— .«. 14 I. 

^l «8 »S »»m 

It will be observed that eq. (3) is simply derived from the circnm- 
stftnce that all the numerators but the last, in the right hand member, 
destroy all the denominators but the first Eq. (4) is the same as thst 
which is established in Art 62., by another method of proo£ 
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£q. (3) may be expressed in language as follows:— <A£ ratio of the 
tjfnchronai rotatums of the first and Uut axes, is equal to the product of the 
sgtarate synckronal ratios of the successive pairs of axes. 

It is evident, fh>m eq. (4), that the driyers and followers may be 
placed in any order in a train of wheel- work. 

(2.) Bequired to find a train of wheels which shall connect 
the hour-wheel of a clock with a wheel which revolves in a 
lunation, or in 29 days, 12 h. 45 min. nearly. 

Beducing the periods to min., the hour axis of the dock 
must make 42525 revolutions whilst the axis of lunation 
makes 720. Therefore, eq. (4.), the product of the teeth in 
all the drivers must produce 720, and that of all the followers 
42525 ; « 

42525 945 27 x 35 






720 16 4x4 



thus it appears that two pinions containing 4 teeth each, and 
two followers containing 27 and 35 teeth respectively, would 
produce the lunation. This mechanism is sometimes con- 
nected with clocks to show the moon's age. 

(3.) JnjSg, 51., let the no. teeth in a= 144, and the no. teeth 
in Bs=s54 ; how manj revolutions must the wheels make in 
order that the same teeth may come again in contact with 
each other. 

Here, by eq. (1.), we have 

no. revo. a 54 8 
no. revo. b 144 8 * 

that is, A must make 3 complete revolutions, or b must make 
8, before the same teeth can again come in contact; for 
3 and 8 are the least number of revolutions which the wheels 
can make, in order that the space described by the circum- 
ference of the one wheel may be equal to the space described 
by the circumference of the other. 

Millwrights consider that the same individual teeth on the 
one wheel should come as seldom as possible into contact 
with the same teeth on the other wheel. On the contrary 

H 6 
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watchmakers imagine that the same pair of teeth should come 
into contact as frequently as possihle. 

Let an axis be required to revolve about 3 times as fast as 
its driving axis. In this case 36 teeth in the driver, and 12 
teeth in the follower, would produce this relative rotation ; 
and such an arrangement would suit the watchmaker, because 
the same teeth would come again into contact at every revo- 
lution of the large wheel ; but the millwright would add one 
tooth (called the hunting cog) to the large wheel, that is to 
say, he would have 37 teeth in the large wheel and 12 in the 
other, because 37 and 12, being prime to each other, and 
nearly in the required ratio, the same pair of teeth would 
not come again into contact until the large wheel had made 
12 revolutions, or the small one 37. 

(4.) To determine the different combinations of teeth in 
the wheels of a clock, (see fig. 164.), when the number of 
teeth in each pinion is 8, and the number in each wheel is 
not to exceed 100 nor to be less th^ 40. 

Let N|=the no. teeth in c, ni=the no. in g, Kj^the 
no. in E, and n^^=^iki'^ no. in f ; then as the axis f j must re- 
volve 60 times as fast as the axis bd, we have, by Art. 62., 

but 711=^2=8, 

/. Ni . N2=64x60; 

here n=64, and N2=60, would form a good train ; but in 
order to ascertain all the combinations, we shall throw the 
product, 64 x 60, into prime factors, thus 64 x 60=2® x 3 x 5, 
and then by distributing these factors into two groups, we 
find 



First combination, 2^ x 3 x 2* x 5=48 x 80, 



Second „ 2^ x 5 x 2^ x 3 =40 x 96, 



Third „ 2«x2»x3x5;=64x60, 
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The last combination is probably the best, as the numbers 
are nearest to equality. 

21. What must be the lowest number of teeth in the two 
last wheels of problem 19., so that n^ may make 60 revo- 
lutions, while Ni makes one ? Ans. N3=21, Wg.— lO. 

22. A driving wheel is to have 10 teeth, and the follower 
40 ; it is required to find the diameters of th£ pitch circles 
when the pitch of the teeth is 1 in. (See Art. 65.) 

Ans. 3-183 in., and 12-732 in. 

23. The diameter of the pitch circle is 16 in., and the 
pitch of the teeth 1^ in., required the number of teeth in the 
wheel. Ans. 40. 

24. The diameter of a pitch circle is 20 in., and the 
number of teeth 80 ; required the pitch of the teeth. 

Ans, -785 in. 

25. If THE CROWN WHEEL B (sec^^. 57.) Contains 66 teeth, 
how many teeth must the pinion A contain, so that while 
it makes 22 revolutions the crown wheel may make 3? 

Ans. 9. 

26. If the diameter of the wheel p is 10 in. (see^g. 64.), 
what will be the length of the stroke of the rack ab in 
two revolutions of the wheel ? Ans. 5*236 ft. 

27. Required the velocity ratio of p and w, in the rack 
AND PINION shown in Jig. 65., when the length of the handle 
B=:20in., the distance between the teeth in the pinion 
r=f in., and the number of teeth in the pinion =4. 

Ans, 41-9 nearly. 

28. Required the same as in the last problem, for the 
combination shown in^^. 66., when the length of the handle 
= 18 in., no. teeth in r=7, no. teeth in b'=28, no. teeth 
in r^=^6y and the distance between the teeth of the rack= 
1 in. Ans. 75-4 neariy. 

29. In the last problem, if /=the length of the handle, n=:=no. 
teeth in r, njsno. teeth in r', n,— no. teeth in r^, a » distance 
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between the teeth of the rack, and ir» 3*1416, show that ^^^lL 

Telo. w 

30. In Jig, 77., if the circumference of the friction 
WHEEL a or & is 9 in., and that of its axis e is l^in., how 
many times is the extent of rubbing surface of the axis c 
greater than that of the axis e ? Ans. 6 times. 

31. In THE TRAIN OF WHEELS shown in ^g. 78., give an 
arrangement of teeth which will cause m to make 60 revo- 
lutions in the same time that h makes one. 

32. In THE INTERMITTENT MOTION shown in fig, 81., if 
contain 4 teeth and d 40, what part of a revolution will d 
describe during the time that o makes 2 revolutions ? 

Ans, One-fifth of a revolution. 

33. Supposing the wheel c, in the last problem, to revolve 
uniformly, and that c and d have equal radii, what will be 
the interval of rest of the wheel d as compared with the 
duration of its motion ? 

Ans. The duration of rest will be nine 

times that of motion. 

34. K the diameter of the eccentric crown t^theel a 
(see^^. 90.) is 10 in., at what distance from the centre must 
the axis dche placed, so that its greatest angular velocity 
may be four times its least angular velocity, supposing the 
driver p to revolve uniformly? Ans, 3 in. 

35. Required the velocity ratio of p and w in an inclined 

PLANE (see^^. 91.), when ac=:7 ft, and bc=2 ft. 

Ans. 3|. 

If p descend 14 in., through what space will w ascend ? 

Ans. 4 in. 

Show that the velocity ratio is the same for all positions of 

W on the plane. 

36. What must be the inclination of the plane in the last 
problem, so that the vertical velocity of p may be double that 
ofw? -4IW. Z.BAC=30^ 

S7. The length a b (aee/g. 94.) of a moveable inclined 
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PLANE OB WEDGE IS Gin. ; what must be the thickness 
B c, so that velocity p may be to velocity w as 3 is to 2 ? 

Ans, 4 in* 

If w move over ^ in., through what space will P move ? 

Ans, f in. 

Show that p will move uniformly when w does so. 

88. Construct the curve of A cabib (see ^g. 98.) so that 
the velocity of the rod c d may increase or decrease, as the 
case may be, according to an arithmetical progression, the 
angular velocity of the camb being constant. 

39. Construct a wheel with wipebs, &c., and determine 
ihe height of the lift of the rod or hammer, as the case may 
be (see^s. 100. and 101.). 

40. What will be the length of the stroke of the rod b c 
(see^^. 103.) of a swash plate, when the distance of the 
rod from the axis d e is 3 in., and the plate A g has an 
inclination of 45^ to the direction of its axis de ? Ans, 6 in. 

What will be the position of the swash plate when the rod 
B c is in the middle of its stroke ? 

If the axis d e revolves uniformly, find the velocity of the 
rod at any given position of the plate. 

41. Show that the length of the thread of a scbew, cut 
upon a cylinder, is independent of the diameter of the 
cylinder ; that when the inclination of the thread is 45% the 
distance between the threads is equal to the circumference of 
the cylinder, and that in this case the whole length of the 
thread is equal to the length of the cylinder multiplied by 
V 2. (See Art. 120.) 

42. Show how a thread may be cut upon a cylinder, so 
that the rod a b (see^^. 107.) may have a uniformly retarded 
motion, while the axis c d revolves uniformly. 

43. If the distance between the threads of the screw in 
^g. 107. is 2 in., and the length of the handle p c is 30 in., 
what will be the ratio of the velocity of the extremity p 
of the handle to the velocity of the rod a b ? ' 

Ans. 94-248 : 1. 
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If the handle makes 2^ revolations, thiotigh what space 
will the rod be moved ? Ans. 5 in. 

If the extremity of the handle moves over 20 fL, through 
what space will the rod be moved ? Ans. 2*54 in. 

Show that when p moves uniform! j, then the rod a b also 
moves uniformly. 

44. In THE COMMON PRESS (secjl^. 111.), if the length of 
the lever p is 3 ft, and the distance between the threads of 
the screw is ^ in., what space must the extremity p pass over 
in order to move the press board b through the space of 2 in.? 

Ans. 75*4 ft. nearly. 

45. In THE COMPOUND SCREW (see fy. 113.), let the dis- 
tance between the threads of the large screw a= 1 in., 
and the distance between the threads of the small screw 
B==^ in., what will be the velocity ratio of p and w when 
the length of the handle p=4 ft. ? Ans. 2412. 

46. In THE DIFFERENTIAL SCREW (sCC ^. 114.), let the 

thickness of the threads of the screw on a i or ef-=i\ in., 
what must be the thickness of the threads on c £2, so that the 
nut n may move through the space of 1 in. in 20 revolutions 
of the handle a ? Ans. -^ in. 

47. Required the velocity ratio of p and w in the endless 
screw (see fig* 115.), when the no. teeth in the whole 
circumference of the wheel k=30, diameter of the axle 
0=10 in., and the length of the handle p=2 ft. Gin. 

Am. 180. 

48. In the mechanism represented hj fig, 116., let the 

radius ap of the handle=30 in., the no. teeth in the first, 

second, and third wheels 40, 60, and 50, respectively, the 

no. teeth in the first and second pinions 5 and 10 respec- 

velo. p 
tively, and the diameter of the axle 6 in.; then — r-- — =24000. 
•^ velo.w 

49. To investigate a general formula for the compound 
machine, of the preceding problem. 

Let d=2ap; Nj, Nj, N3=the no. teeth in the first, 
second, and third wheels respectively ; n|, n^ = the no. 
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teeth in the first and second pinions respectively ; and cf = 
the diameter of the axle. 

Let the axle or the third wheel turn round once, then we 
have 

no. turns of the first pinion or the first wheel = ^ . — ; 

^ n^ Hi 

but the handle must turn round k^ times in order to make 
the first wheel revolve once, 

/. no. turns handle=— . ^ . Ni ; 

space descrihed hy p in one revo.=«D, . 

»% total space described by p =~ . — . n^ . itd, 

and space described by w=.vd, 

velo. P _ space described by p 
velo.w space described by w 



'^ V. 



• • 



V d»ni , n^ 

In the example given at page 79., Ni=30, N2=6(i N3=40, 
iii=10, n2=8, D=40, and rf=5, 

. velo.P^40^30x60x40^^2QQ^ 



• • 



velo. w 5 10x8 



50. Show how the thread en may be formed in a conical 
screw {see Jig. 117.), when the cone k^f is given, and 
space described by the rod CD in one revolution of the 
handle is also given. 

51. What are the points of difference in the two forms of 
construction of the governor, exhibited in ^gs. 118 and 119. 

52. What circumstances would render the water regu- 
lator, shown in^. 120., inefficient. 
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53. In THE REGCLATma DAMFEB (seej^. 121.) the float f 
is heavier than the damper d. Why should this be the case ? 
But when the water rises up to the float, the damper should 
preponderate. What should be the relative weights of the 
float and damper so that this maj take place ? 

54. If the teeth on the wheel e (see Jig. 123.) are Jin. 
apart, how many must there be of them in order to give 
1-foot fall to the pestle p ? Ans, 16. 

55. K the wheel c (see fig. 124.) contains four teeth, whose 
distance apart is 1^ in., what will be the length, of the stroke 
of the rod a b ? Ans, 5 in. 

6Q, What determines the length of the stroke of the rod 
ndin the mechanism represented hjfig. 126. ? 

57. In an up and down stroke of the piston boi> r h (see 
Jig» 129.) the crank, with its toothed wheel /?, makes one re- 
volution. Now if p contains 40 teeth, and the pinion c 
5 teeth, how many revolutions will the fly-wheel s make in a 
double stroke of the piston ? Ans, 8. 

58. How may the motion of the wheel m (see fig. 130.) be 
reversed ? 

59. .What Axes the length of the gbank in a steam engine 
(see^^. 182.)? 

What advantage is there in having a long connecting 
rod? 

60. In the eccentbig motion (see^^. 132,) the stroke of 
the pin f is equal to twice the distance of the axis a from the 
centre c of the wheeL Why ? 

61. To construct Watt's paballbl kotion, when cp and ab are 
not equal (see Art ICO.). 

First, to find the point e (see Jigs, 203. and 204.) to which the air- 
pomp rod most be attached, the radius rod cs being given. 

Let AB be a portion of the great beam, turning on the centre a, cd 

the radius rod, turning on the centre c, and bd the connecting linL 

Let the rods be moved to the mean position Jibdc, where the link db k 

perpendicular to a 6 andcdl Draw Be and dc perpendicular to ac, 

and produce the line bd uAtil it intersects the link in b, then thig will 
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g ft ^ 





Fig. 204. 



be the point which will most nearly move in a yertical line. The 
position of this point may be determined as follows : 

Because the lines se^ e6, and dc, are parallel to each other, we have 

BE eb' 
LetrsCD^ B«AB,^DC</»a, andlBA6»A; then 

ch^rd—r yersin a^r sin' 5, 

and e6«B yersin a^b sin' -, 
therefore by substitution 

r sm« - ^ /r sm-i 
PE^ 2^B 2 

BE . . A r I . A 



Bsin«- 



lR sm 



which expresses the ratio of the parts into which the link db most be 
diyided ; but an approximate rule may be deriyed from this formula. 

Now, in practice, the link db deviates yery little fh>m the vertical ; 
and then, in this case, the arc .d cf is very nearly equal to the arc b6 ; 
that is, r X a is yery nearly equal to r x a ; and as a and a are also 

small angles, r sin - ■> b sin - yery nearly ; in this case, therefore, the 

finrmula simply becomes 

DE B 

BE 1^ 
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or, AB : CD : : DE : BE ... (1), 

or, by composition, 

AB+cD : cd::db : BE, 

CD . DB ... 

.*. BE= — ... (2), 

AB + CD ^ ' 

which giyes the position of the point required. 

Second, to find the length of the radios rod, when the divisions, i^ 
and BK, on the beam are ^ven (see fig. 203.). 

From the similar triangles a be and rde, we have 

BD^or BK : ab::de : be, 

therefore, by proportion (1), 

BK : ab :: AB : cd, * t 

AB* ,_. 

which.expresses the length of the radios rod as reqoired. 

(1.) Let CD«6 ft, AB=s4 ft, and DB=:2ft, then by eq. (2), 

6x2 ,,^ 

(2.) Let ABs:6 ft, and bk=5 ft., then, by eq. (3), 

CD = |- = 7Jft 

62. In ^g. 142., let the depth of the well =100 ft^ 
diameter axle b = 18 in., length of the lever G=6 ft.; if a 
man, turning the lever G, move at the rate of 5 miles per 
hour, in what time will he raise the bucket ? 

Space moved over by the bucket in 1 revo. of the axle b 
= 1^x3-1416, 

.', no. revo. of the vertical axis ec =^1 — s-tttt;- 

IJ^x 3*1416 

Space described by g in 1 revo. =12 x 3*1416, 

•*• no. revo. of the vertical axis^ ec per min. •« 

_ 5280 X 5 
"■60xl2x3-14l6' 



.: 
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100 



•\ no. min. to raise the bucket = 



1^x3-1416 



5280x5 100x60x12 . ^^ . 

— r=r82 mm. 



60 x 12 X 3-1416 1^ X 5280 x 5 

63. Required the same as in the last problem, when the 
*^Jigth of the lever g =8 ft., the other data remaining the 
^me. Ans* 2*42 min. 

64. If the man, in prob. 62,, exert a pressure of 20 lbs. 
"*^pon the lever, how many cubic feet of water will he raise ? 

Ans. 2*56. 

65. Give a general investigation of problem 62. 

66. If the horse, working a mill (see fig. 143.), make 3 
irevolutions in a minute^ how many revolutions will the 
Bhaft CD make in a second, supposing the bevel wheels e and 
C to contain 160 and 8 teeth respectively? 

Ans. one revolution. 

67. If the diameter of the fly wheel c of the potter's 
LATHE (see fig. 144.) be 4 ft., and the diameter of the axle 
^ be 6 in., how many revolutions will the block d make 
whilst the winch r is turned round once ? Ans. 8. 

68. In THE CRAB (see fig. 145.), let the length of the 
handle h = 20 in., the no. teeth in the pinion b =8, the 
no. teeth in the wheel c =72, and the diameter of the drum 
Ds=18in.; required the velocity ratio of the power and 
weight. Ans. 20. 

Let D revolve round once, then 

72 
no. revo. of the handle =-5- ; 

space moved over by the weight attached to the rope r 
= 18x3-1416; 

Space moved over by the power applied to the handle 

72 72 

= ~ times circum. handle =-q- x 2 x 20 x 3'1416 ; 
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^®^^'^ = ^x2x20x3-1416-h18x3-1416 



• • 



velo. w b 

2x20x72 
■" 18x8 • 

Now we may readily generalise the form of this result, 
for it will be observed that 2 x 20 is twice the length of the 
handle, 18 is the diameter of the drum, 72 is the no. teeth 
in the wheel, and 8 is the no. teeth in the pinion ; hence 
we have 

velo. p twice length handle x no. teeth in wheel 

velo. w"" diam. drum x no. teeth in pinion 

It will also be observed that this velocity ratio always 
gives us the advantage gained by the machine, the friction, 
&c., being neglected. Thus, in the present case the velocity 
ratio being 20, the advantage of pressure gained by the 
machinism wDl also be 20. 

69. In the preceding problem, if the length of the handle 
is 7 times the radius of the drum, and the no. teeth in the 
wheel also 7 times the no. teeth in the pinion, then it is 

velo F 
required to show, that — =-^=7^ or 49. 

velo. w 

70. If the length of the handle in problem 68., be n times 
the radius of the drum, and the no. teeth in the wheel m 
times the no. teeth in the pinion, then the velocity ratio of 
F, and w is equal to nxm. Required the proof. 

71. Why are the handles of the crab placed in opposite 
directions ? 

.72. In what respects does the construction of the gib crane 
differ from that of the crab f What is the peculiarity in the 
construction of the hand jack ? 

73. In THE COMMON LATHE (sec^^. 149.), if the treadle t 
makes an up and down stroke, how many revolutions will 
the mandrill A make, supposing the diameters of d and e to 
be 3 ft, and 5 in. respectively ? Ans, 7^. 
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74. In the self-acting slide rest (see Jig. 150.^, if the wheel 
n contains 10 teeth, and the distance between the threads of 
the screw, which gives a longitudinal motion to the saddle 
"F, is ^ of an inch, through what space will the cutting tool 
r o be carried at each action of the hoop e ? 

Here, in one entire revolution of the wheel n, the tool r o 
will be moved through a space equal to the distance between 
the threads of the screw, therefore the space moved over by 
the cutting tool in one revolution of the bar c will be -^ of 
^in.=:^in. 

75. If the length of the bar c to be turned, in the last 
problem, is 4 ft., and if it makes 12 revolutions in a minute, 
in what time will the work be completed ? Aim, 50 min. 

76. Jnfig. 151., let the number of teeth in the wheel b=5, 
the number in the wheel d=20, the number in the whe^ 
A=12, and the distance between the teeth on the rack or 
wheel A=f in. ; required the distance between the threads 
of the spiral described, by the point e, on the cylinder. 

Here, in one revolution of the cylinder c, the axis of the 
wheels, d and a, will describe |- of a revolution, and there- 
fore the rack will be raised the space of 3 teeth ; that is, the 
point e will be raised 3 times | in. =2 in., which will be the 
distance between the threads of the spiral. 

77. Required the same as in the last problem, when the 
no. teeth in the wheel £^=6, number in d=:18, number in 
A=s9, and the distance . between the teeth on the rack = 
J in. Ans, l^ in. 

78. In the machine for cutting screws (see Jig. 152.), 
let the no. teeth on the wheel a=30, no. teeth on the 
wheel DslO; and the distance between the threads of the 
screw which moves the saddle f=^ in. ; required the dis- 
tance between the threads of the screw which will be cut 
upon the rod £. 

Let the wheel a, with its axis e, make one revolution, then 
we have 

X. ^ 30 ^ 
no. revo. wheel d= 77^=3 ; 
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/, IXstanee wbkii the point e is mawtd =3 times } 10.= 
1| in^ which is the diitaiifaft hetveea the threads cat <m the 
rod K. 

79. Required the nine ss in the last problem^ when 
the DO. teeth on AnslG, dol on d=8» and the distance be- 
tween the threads of the screw iriiich mores the saddle^^ in. 



1 



in. 



80. Beqoired the pr opo rti onal nnmber of teeth in the 
wheels ▲ and d (seeJSg, 152.\ so that the distance between 
the threads on the rod E maj be 1^ times the distance l)e- 
tween the threads on the axis of d. Ams, As 3 is to 2. 

81. In the screw-ccttikg uacbssk, required the same as 
in problem 78., when n= the no. teeth on a, fii= the na on 
D, t=z the thickness of the threads on the axis e, and /|=: 
the thickness <^ the threads on the axis of d. 

Let ▲ make one rerolntioii, then 

nou rero. d«« — , 



«i 



« 



.'. diifiinee point c ismored orer » — times tp 



thati«,fc=-. r, ... (1), 

which is the ezprewion required. 
From thif equality we have 

that if, the thickneises of the threads are in the ratio of the number oftmA 
on their respective wheels. 

If ^1 in eq. (2) be constant, then 

that is, the thickness of the threads on the rod E Danes with the ratio of 
the number of teeth on the two wheels. 
It n, as well as ^| be constant, then 

txn, 

that is, the thickness of th^ thread on the rod e varies with the na 
U0th on it§ wheel a. 
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In the place of haying the thickness of the threads of the screw given, 
let As the no. threads in one inch of e, and A| sthe no. threads in one 
inch of D» then 

!=«, and -!■=«„ 
substitnting these wines in eq. (2), we have 

.-. k~^ ... (4). 

Let there be an intermediate pinion and wheel between the wheels 
A and D, and let the pinion on which a acts contain r^ teeth, and the 
wheel which acts on d contain r teeth, then the velocity ratio of the 

axis D will be increased^ from this cause, by the ratio — , hence in thi9 

ease eq. (4) becomes 

k^'hlA ... (5). 

Here k is called the pitch of the screw. 

82. In THE HAND DBiLL (see^. 154.), let the no. teeth in 
the bevel wheel a=27, and the no. teeth in B= 15; whilst 
the handle H makes 5 revolutions, how many will the drill p 
make ? Ans. 9. 

83. In THE SHEARS for cutting metal (see ^, 1S6.\ let the 
distance ee of the edges, when the shears are open =f in., 
DE=6in., and De — 4 ft.; required the eccentricity of the 
wheel A, so that the opening of the shears maybe just closed 
at each stroke. 

Here the velocity of e is 8 times that of e, therefore the 
length of the stroke described hj e must be 8 times f in., or 
12 inches ; but the eccentricity of the wheel is equal to half 
the length of the stroke, therefore the eccentricity of the 
wheel A must be ^ of 12 inches, or 6 inches. 

b4. Required the same as in the last example, when 
^e=:3 ft., the other data remaining the same. Am, 4^ in« 
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85. In tiie OORV mux (see fig. 1G0.)» let the no. teeth 
in the ftoe wheel c=40^ and the no. staves in the trandle 
D=12; how man J revolutions will the stone make whilst 
the winch H makes 3 ? Ans, 10. 

86. In THE SAW MUX (js&b fig. 161.), let one tooth of 
ratchet wheel e be pushed round at each revolution of the 
fly wheel w, and let the no. ratchet teeth =15, the no. teeth 
in the pinion R=5, and their distance apart =2 in. ; re- 
quired the length of the cut made by the saw at each down- 
ward stroke. 

At each downward stroke of the saw the wheel £ will be 
moved over ^ of its circumference ; but in one revolutioa 
of E the rack g k will be advanced 5 times 2 in., or 10 inches; 
therefore in <,^ of a revolution it wiU be advanced -^ of 10 
inches, or f in.^ which is the length of the saw-cut required. 

87. Required the same as in the last problem, when the 
ratchet wheel contains 25 teeth. Ans, f in. 

88. If the horizontal wheel ▲ in the smoke jack (see 
fig. 163.) makes 18 revolutions in a minute, how many revo- 
lutions will the wheel £ make in the same time, supposing 
the no. staves in the trundle t=5, and the no. teeth in the 
face wheel f=9? Ans. 10, 

89. In the mechanism for a clock (see fig* 164.), let the 
no. teeth on the wheel c=72, the no. teeth on the pinion 
Gs8 ; it is required to determine the ratio of the no. teeth 
qn the wheels e and f, so that whilst the axis b d revolves 
in an hour, the axis f j may revolve in a minute. 

. no. teeth on e 20 
no. teeth on f~ 3 * 

90. If the area of the piston p in the forcing pump (see 
fig, 166.) is 30 sq. in., and the length of the stroke 2 ft, how 
inany cubic feet of water will be raised by 12 downward 
strokes of the piston ? Ans. 5 c. ft. 

91- If the sprocket wheel Q in the chain pump (see^. 
172.) contain 12 teeth, the distance between the teeth being 
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4 inches, what quantity of water will be raised per minute, 
supposing the section of the barrel DC to be 40 sq. in., and 
the number of revolutions performed by the wheel Q per 
minute to be 24 ? Ans. 26 J c. ft. 

Space moved over by the piston per min.= 12 x 4 x 24 in. 
=96 ft. 

40 
144 



/. no. c. ft. water raised = ^ri x £6 - 26§. 



92. Required the same as in the last problem, when the 
section of the barrel is 48 sq. in. Ans. 32 c. ft 

9.3. In THE CRANK PUMP (see fig. 173.), let the no. teeth on 

the pinion c=8, the no. on the wheel d=30; it is required 

*to find the number of single strokes performed by each 

piston rod whilst the winch A makes 16 revolutions. Am, 8. 

94. If the length of the stroke of the piston ih A beam 
ENGINE (see ^^.182.) be 3 ft., what space will the ex- 
tremity of the crank describe in 6 double strokes of the 
piston? Ans. 56*55 ft. 

1. To show that wheif the great heam ll is horizontal, the crank n 
is not so. 

2. If r := the length of the crank, R=one half the length of the great 
'beam, and A«:the angle diescribed by the beam in one stroke, then it is 
. required to show tha( 

sm -«- ... (1). 
2 R ^ ^ 

It will be observed, that the crank and connecting rod should be in 
the same straight line at the top and bottom of the stroke. 

3. To find the velocity ratio of the crank and gr^at beam. 

In fig. 17., let AD «R represent one half of the great beam, CP = r 
the crank, the link ap being the connecting rodi then putting 
/3s I CPQ, and jSj = ^ dar, we have from eq. (1), Art 31*, 

ang. velo. CP_DR r sin jSj ^ 
ang. velo. da cq r Bin fi * 



, r X ang, velo. c p _ sin j3, 
. • • B X ang. velo. d a"" sin j8 * 



or 

•A sm p 

1 2 
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velo. crank sin $, .^. 

***-T — —=-... (2 )• 

yelo. beam sin iS ^ ^ 

When i^i is constant and equal to 90^, which it is Yery nearly when 
the connecting rod is very long as compared with the length of the 
crank (jietfig. 182)^ then this equality becomes 

velo. cranky 1 . . ^ 

velo. beam sin i3 **' ^ ^ ' 

this velocity ratio will be a maxisram when jSa* 0, and a nnnzmum when 
j3b90^ ; that is, the velocity of the crank will be a maximum when it 
is in its dead points^ and a minnnum when it is at right angles U> the 
•connecting rod. 

95. In THE SUDE VALYE motion represented in fig. 187., 
let the eccentricity of the wheel g=I^ in., hi=2^ times Ai; 
required the length of the stroke of the slide valve. 

Stroke of the rod gA=:2 times 1^ in.=:3 in. f 

velo. H _H1_^, ^ 

▼elo-ife^Ai"" ^' 
but the space described by 4l=3 in., 

/« space described by n^2\ times 3 in.=7i in^ 

which is the length of the stroke of the valve, 

96. Bequired the same as in the last problem^ when the 
eccentricity is 2 in., and hi= If times ^i. Ans, 6§ in. 

97. Bequired the ratio of ^i and hi, when the eccentricity 
is 4 inches, and the stroke of the valve is 6 inches. 

An$, Hi=l^ times Ai. 

98. To determine the various relations of position, &c., of thb 
lUiANK AND PISTON in the engine represented in ^^.,187. 

Let /sDE, the length of the connecting rod ; 
/, s=pp, the length of the piston rod ; 
r «bFE, the length of the crank ; 
as= Z FED, the angle which the crank makes with the direction 

of the connecting rod ; 
A«DF, the distance of the axis of the crank from the extremity 
of the piston rod ; 
isB the corresponding heigYit oi KS;&ft iftxo\Lft q£ the piston. 
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Tben we haye 

1. Length of (he stroke of the pi8ton'=s2r. 

2. To find the position of die crank when the piston is in the middle of 
its stroke. 

When the piston is at the bottom of the stroke, its distance from 

.*. when the pistoA is at the middle of its stroke, 

DP =sr + / + /, — r+7, =/; 

that is, in this position of the piston, df»d e, and def is an isosceles 
triangle. In this case we have 



IX cos. «=-> 



f 

•'• cos «=27»«» (!)• 

3. To find the position of tfte crank at any point of the stroke of the 
piston. 

From a well known relation of the sides of the triangle eslf, 
we have 

cosa- — —^ — ...(2) J • 

Ibnt k—r + l^h', therefore, hj substitution, we have 

cos a- ^^ L. ... (3). 

Eqs. (2) and (3) are the general equations required. 
When As one-half the stroke of the piston =r, then eq. (3) becomes 

cos a«^, 

which is the same as eq. (1). 

When a»90, cos a»0, and then from eq. (3) 

which giyes the position of the piston, when the crank is at right angles 
to the connecting rod. This expression is obviously less than r or half 
the stroke of the piston; therefore the crank is at right angles with the 

I a 
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connecting rod before the piston has arrived at the middle of its up- 
ward stroke. 

When the crank is horizontal, or at right angles to the direction of 
the piston rod, we have from the right-angled triangle dfe, 

DF= '^DE'*— FE^ that is, 

but As«r + /— A, 
/. r + Z-A^'^/a^^Ts 



/. A=r + /-^^/*-r3... (5), 

which gives the length of the stroke of the piston when the crank is 
at right angles to the direction of the piston rod. 

4. To find the velocity ratio of the crank and pitton. 

Differentiating eq. (2), and reducing, we find 

r 

velo. crank _ k ,.. 

* velo. piston / sin o * ' * ^ '' 

Let i3» ^BVD, the angle which the crank makes with the direction 

k I 

of the piston rod ; then —. — = -, hence we have by substitutine 

sm a sm p - o 

in eq, (6), 

velo. crank _ 1 . 

velo. piston sin j8 ' " ^ '* 

which is the same result as that obtuned in eq. (3) problem 94. 

99. Given the angle, DOB=a, which the axes of two bevel wheels in 
and itn make with each other (see fig, 61.), to find the angle at the 
vertex of each cone. 

Let jS— ^Doi, the semi- angle at the vertex of the cone nio, and 

let m—-r-,the ratio of the diameters, then 
»m 

insoi xsin i3x2, 
im^oi X sin (a— i8) x 2, 



«in $ in 



* • 



sinCa— ^) im 



'J«t 
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sin i3 



sin a . cos iS — cos a . sin /i 



. ^ ^ sm a 
/. tan $= 



=m, 



1 

- + C08 a 

m 



If the axes are at right angles to each other, a^SO^, and then 

tan fi—m, 

100. Required the least number of axes in a train of 
WHEELS which shall cause the last axis to revolve 140 times 
as fast as the first axis, allowing that none of the drivers can 
contain more, than 60 teeth, and none of the followers less 
than 6. 

Each pair of wheels cannot increase the motion more than 

60 
10 times, because -^- = 10; therefore the number of pairs of 

wheels, containing 60 and 6 teeth respectively, cannot ex- 
ceed 2, because 2 such pairs would increase the motion 100 
times, and 3 such pairs would increase it 1000 times, whereas 
it has only to be increased 140 times. Let N3=the no. 
teeth in the last driver, and n3=the no. teeth in the last 
follower; then 

60 60 N3 ,^^ 

-23-x-^X— =il40, 
6 6 n3 ' 

. N3__7 
• • — — -pi 

therefore if N3=7, W3=5, and the no. pairs of wheels =3 ; 
but the no. axes is always one more than the no. pairs; 
therefore the least number of axes= 3 + 1 = 4. 



101. To determine the least number of teeth in a train requisite 
to cause the last axis to revolve m times as fast as the first. 
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Let psdie Da pain of wlicdi^ m^^iht Da teeth in die driTen, iii 
aitfaena, teeth in the foDowen ; thea 



©'- 



or puttiDg xs -, 



«d .•: p=^ 



logs' 



nd, teeth in die whole train«p(ii-i H)aiiipn-i--j«ifp(l'hx) 



n logmd +T^ . . 

. — s. Jmtti mimmnm* 

log* 

log* 






^H mintmiim 



1+* 

.'. log JT —0, whenoe *«3'59, 



which is the ratio of the no. teeth in the driver to the na in its fol- 
lower. 



THE END. 
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Construction ; and giving the Declension or Conjugation of each void when 
irregular ; and marking the Quantities of all donotfUl Syllables. By C. D. 
YoMOZ, B.A. Post 4to. 21s. cloth. 

*<This Lexicon is compiled on a most admirable plan, and will be found a 
most important, we will add an indinpensable, assistant to the student seek- 
ing to perfect himi^elf in Greek composition. Mr. Yonge famishes a com- 
plete English vocabulanr so far as there are equivalent and equipollent words 
in Greek to render the English term. The authorities are invariably given ; 
and the lexicographer has displayed both taste and judgment, with infinite 
zeal to boot, in the selection or illustrative quotations. It is decidedly a 
work of rare merit." Church a$ul State Oazette. 

Brasse*8 Greek Gradus. 

A Greek Gradxu ; or, a Greek, Latin, and English Prosodial Lexicon: containing 
the Interpretation, in Latin and English, of all words which occur in the Greek 
Poets, from the Earliest Period to the time of Ptolemv Philadelphus. By the 
late Rev. Dr. Brasse. Witli a Synopsis of the Greek Metres, by the Rev. J. R. 
Mi^or, D.D. New Edit, revised by the Rev. F. E.J. Valpy, M.A. 8vo. 15e. dotti. 

Giles's Greek and English Lexicon. 

A Lexicon of the Greek Language, for the use of Collegea and Schools ; containing 
—1. A Greek-Englisfi Lexicon, combining the advantages of an Alphabetical 
and Derivative Arrangement ; 2. A copious English-Greek Lexicon. By the 
R^. J. A. Giles, LL.1). New Edition. 8vo. 21s. cloth. 

*,* The English-Greek Lexicon, separately. 7s. 6d. cloth. 

Dr. Kennedy's Greek Grammar. 

Gnecie Grammatica Institutio Prima Rudimentis Etonensibus quantulum 

Eotttit imroutatis Syntaxin de suo addidit B. H. Kemnedt, S.T.P. New 
dition. 12mo. 4s. 6d. cloth. 

KUhner's Elementary Greek Grammar. 

An Elementary Grammar of the Greek Language. Bv Dr. Raphael Kfihner, 
Co- Rector of the Lyceum at Hanover. Translated by J. H. Millard, St. John's 
College, Cambridge. 8vo. 9s. cloth. 

Valpy*s Greek Grammar. 

The Elements of Greek Grammar: with Notes. By R. ■VA.tPT,D.D. New Edit. 
8vo. 6s. 6d. boards ; bound, 7s. 6d. 

Pycroft/s Greek Grammar Practice. 

Three Parts: 1. Lessons in Vocabulary, Nouns. Adjectives, and Verbs in 
Grammatical order; 2. Greek, made out of each column for translation : 
3. English for re-translation By the Rev. J. Ptcrott, B.A. 12mo. 3s. 8d. cl. 

Moody's Eton Greek Grammar in English. 

The New Eton Greek Grammar ; with the Marks of Accent, and the Quantity of 
the Penult : containing the Eton Greek Gramm -.r in English, and the Syntax 
and Prosody as usea at Eton ; with numerous Additions. By the Rev. 
Clement M'oodt, A.M. New Edition. 12m . is. cloth. 

Valpy's Greek Delectus, and Kev. 

Delectus Sententiarum Grapcarum, ad usum Tironum accommodatui: cum 
Notulis et Lexico. Auctore R. Va lpt , D.D. Eiiitio Nova, eademque aucU et 
emendata. 12mo 4s. cloth. 

Key to the above, being a Literal Translation into English. 12mo. 2s. 6d sewed . 
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Valpy's Second Greek Delectus. 

Second Greek Delectus ; or, New Analecta Miaon: iBtradcd to be re«d in Sdiools 
between Dr. Yalpy's Greek Delectus and the Third Greek Delectus: with 
English Notes, and a copkras Greek and Eiudiah Lexicon. By the Bev. 
F. £. J. yA.LPT, MJL. New Edition. 8to. 9s. Si. bound. 

Valpy's Third Greek Delectus. 

The Third Greek Delectus ; or. New Analecta Mi^ra : with Eo^Ush Notes. In 
Two Parts. By tiie Rev. F. E. J. Yaupt, M.A. 8to 15s. 8d. bound. 
* «* The Parti may be had separately. 
Pabt L prose. 8to. 8s. 6d. bound. — Pakt 3. POETRY. Svo. 9s. 8d. bound. 

Valpy's Greek Exercises, and Key. 

Gmk Exercises; being an Introdnrtioa to Greek Composition, leading the 
stadent tVom the Elements of Grammar to the higher parts or Syntax By 
the Rev. F. E. J. Yalfi, M.A. New Edibon. 12mo. 6s. 6d. cloth. 

Kbt, 13ma 8s. Qd. sewed. 

Neilson's Greek Exercises, and Key. 

Greek Exercises, in Syntax, Ellipsis, Dialects, Prosody, and Metaphrasis. To 
wliich is prefixed, a concne but comprehensive Syntax; with Observations on 
some Idioms of toe Greek Language. Bv the R«v. W. Nbilsom, D.D. New 
Edition. Svo. iSs. boards.— Kb x, 8s. boards. 

Howard's Introductory Greek Exercises, and Key. i 

Introductory Greek Exercises to those of Huntingford, Dunbar, Neilson, and ! 
others ; arranged under Models, to assist the learner. By N. Howa.bi>. New 
Edition. 12mo. 5s. 8d. clothe— Kbt, 12mo. 2s. 6d. doth. i 

Donaldson's Theatre of the Greeks. 

The Theatre of the Greeks ; or, a Series of Papers relating to the History and J 
Critioism of the Greek Drama. Sixth Edition, revised and improved. 
With an Oriinnal Introduction and Notes by John Williak Donaldson, B.D. 

Head Master of King Edward's School, Bury St. Edmunds ^ and formtsrly | 

Fellow of Trinity College. OambriSge. Bvo. with Frontispiece and Wood ^ 

Engravings, 16s. doth. i 

Dr. Major's Guide to the Greek Tragedians. 

A Guide to the Reading of the Greek Tragedians^ being a series of artidea on the 
Greek Drama, Greek Sletres, and Canons of Criticism. Collected and amuoged 
by the Rev. J. R. Majob, D.D. New Edition, enlarged. Svo. 9s. doth. 

Vigcr on the Greek Idioms. 

Translated and abridged, with oiiginAl English Notes, by the Rev. J. Rxaobh, 
Editor and Translator of" Bos rn the Greek Ellipsis," " Hermann's Doctrii.e 
of Metres," " Hoogeveen on the Greek Partides," and "Maittaire on th? 
Greek Dialects." 8vo.9s. 6d. 



ELEMENTARY LATIN WORKS. 
Mr. C. D. Yonije's New Lntin Gradus. 

A Gradus ad Pamassum of the Latin Langiuee ; containing every Word used 
by the Poets of good authority : and in which the words are classed accord- 
in? to their age, their different Meanings carefully distinguished, the Phrases 
selected voMy from the purest Authors, and the Authorities accuratdy 
cited . For the use of 

Eton, Westminster, i King's CoUt^ge, London, 

Winchester, Harrow, and and 

Charterhouse Schools. I Marlborough College. 

By C. p. Yomge, B.A., Author of " An English-Greek Lexicon." 
Post Svo. 9s. bound. 

" The plan adopted in this gradus is a pleasing proof of the strides which true 
scholarship has made in the inferior graden of clasitical study. Instead of the 
old gradus, which seemed exfressly constructed for the purpose of teaching 
the pnpii to string words together with retipect to the number and quantity 
of their svllables, without the least regard to sense or fitness, the present 
manual of metrical reference has the character of a critical apparatus which, 
while it supplies him with copious examples firom the best autfiors, forces him 
at the same time to pay attention to the sense, and guides him moreover in 
the selection of such terms oulj as appertain to ttie age of pure Latinity." 

John Bull. 
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The Illustrated Companion to the Latin Dictionary 

uid Greek Lexicon : formins a Glossary of all the words representinff Visible 
Objects, connected with the Arts, Manafactnres, and Ererj-day Life of the 
Ancients. With Representations of nearly Two Thousand Objects fiom the 
Antique. By Anthowt Rich, Jun. B.A late of Caius College, Cambridge. 
Post 8vo. witn 2,(XX) Wood Engravings, 21b. cloth. 

** This is a work of great orisinnlity and research : almott every trord being 
illustrated, and the illustrationti taken ttom the tilings themselves as they 
now- exist, orfrom representations in painting, sculpture, &c. It has been care- 
ftiUy and laboriously compiled, by a scholar of no ordinary attainments ; and 
the alphabetical arrangement and classed Indices open to the reader at onoe 
the information contained in its pages." Jowmal vf Education. 

Riddle's large Latin-Eni^h'sh Lexicon. 

A copious and critical Latin-Kntrlish Lexicon, founded on the German- Latin 
Dictionaries of Dr. William Freund. By the Rev. J. E. Riddle, M.A. of 
St. Edmund Hall, Oxford. Umform with '* Yunge's English-Greek Lexicon." 
Post 4to. fiOs. cloth. 

Riddle's Complete Latin Dictionary. 

A Complete Latin-English and En^ish-Lattn Dictionary. For the use of Col- 
leges and Schools. Br the Rev. i. E. R1D01.S, M.A. New Edition, corrected 
and enlarged. 6vo. Sis. 6d cloth. 

a-_-_-»-i_ / The English Latin Dictionary, lOs. 6d. cloth, 
aeparaieiy ^ ^^^ Latin-EngUeh Dictionary, £1. Is. cloth. 

Riddle's Young Scholar's Latin Dictionary. 

The Young Scholar's Latin-Enalish and English-Latin Dictionary; being Mr. 
Riddle's Abridgment of his larger Dictionary. New Edition, corrected and 
enlarged. Square 12mo. IZs. bound. 

&i...~*.i. / The Latin- English Dictionary, 78. bound. 
Beparateiy ^ ^^ English-Latin Dictionary, 6t. 6d. bound. 

Riddle and Arnold's English-Latin Lexicon. 

A Copious English-Latin Lexion, founded on the Gennan«Latin of Dr. C. E. 
Georges. By the Rer. J. E. Riddle, M.A. Author of "A Complete Latin - 
English Dictionary," Ac.: and the Rer.T.K. Arnold, M.A., Rector of Lyndon, 
late Fellow of Trinity College, Cambridge. New Edition. 8to. 20s. cloth. 

Riddle's Latin Vocabulary. 

A Progressive Latin-English Toeabulary: being a List of Common Latin 
Words, with their principal Meaninics in English : distinguished according to 
their comparative importance or frequency of use. By the Rev. J. E. Riddli , 
M JL. 12mo. 28. cloth. 

Riddle : Questions on Latin Style ; 

So far as relates to the Use and Qnalibr of Words. Constructed with spf^ia 1 
reference to the Critical Remarks contained in Riddle and Arnold's '■ English- 
Latin Lexicon." By the Rev. J. E. Riddlb, M.A. 12mo. 2s. cloth. 

Zumpt's Grammar of the Latin Language. 

Translated from the Enlarged Edition of the original, and adapted for the us^ 
of English students, by L. Schmiti, Ph. D R(|ctor of the High School of 
Edinburgh ; with new Additions and Corrections, communicated to Dr. 
ScHMiTS by Professor Zumft. New Edition. 8vo. lis. cloth. 

Zumpt's School Grammar of the Latin Lang-uagre. 

Translated and adapted for use in English Schools. By Dr. L Schmitz,. 
F.R.S.E. Rector of the High School of Edinburgh. With a Preface, written 
expressly for this Translation, by Professor Zuxjpt. 12mo. Is. cloth. 

Pycroft's Latin Grammar Practice. 

Latin Grammar Practice: 1. Lessons in Vocabulary, Nouns, Adjectives, and 
Verbs, in Grammatical Order; 2. Latin, made out 01 each column, for Trans- 
lation; 3. English, for re-translation. By the Rev. Ja.xs8 Picnorr, B.A. 
New Edition. 12mo. 2s. 6d. cloth. 



Valpy's Latin Grammar. 

The Elements of Latin Grammar: with Notes. By R. Va.lpt, D.D. New 
Edition, with numerous Additions and Corrfctions. 12mo. 2s. 6d. ot/nnd. 
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Kennedy : The Child's Latin Primer; 

Or. First Latin I.enon» : Extracted (with Model Qttestiona and Exercises) 
from ** An Elementary Latin Grammar," br the Rev. B. H. Kemmedt, D.D. 
Head Master of Shrewsbury School. 12mo.'2«. cloth. 

Dr. Kennedy's Latin Vocabulary. 

A Latin Vocabnlary, arranged on Etymological Principles, as an Exercise- 
Book, and first Latin Dictionary for the use of the l/ower Classes in Schools. 
By the Rev. B. H. Kxmmbdt, D.D. Head Master of Shrewsbury Scliool. 
12mo. 2s. 6d 

Dr. Kennedy's First Latin Reading Book. 

Tirocinium ; or,a First Latin Reading Book. Adapted to the Author's "Child's 
Latin Primer." By the Rev. B. H. Ksmnedt, D.D. Head Master of Shrews- 
bury School. 12mo. 2s. cloth. 

Dr. Kennedy's Second Latin Reading Book. 

Palaestra Latina ; or, a Second Latin Reading Book. Adapted to the Author's 

" Elementary Latin Grammar." By the Rer. B. H. Ksnnedt, D.D., Head 

Master of Shrewsbury School. 12mo. as. cloth. 
" A selection of progressive passages and pieces fh>m Latin writers, divided 

into two courses, each course preceded by exercises on points of grammar. 

Notes and questions on the lessons are also added." Spectator. 

Dr. Kennedy's Latin Grammar. 

An Elementary brammar of the Latii. Laniruage, for the use of Schools, by 
the Rev. B. H. Kennedy, D.D. Head Master of Shrewsbury School. New 
Ed ition . 12mo. 3s . fid . cloth. 

Moody's Eton Latin Grammar in English. 

The New Eton Latin Grammar, with the Marks of Quantity and the Rules of 
Accent; containing the Eton Latin Grammar as used at Eton, and its Trans- 
lation into Englisn: with Notes and Additions. By Rev. Clement Moodt, 
M.A. New Edition. 12mo. 2«. fid. cloth. The Accidence, separately, price Is. 

Graham's First Steps to Latin Writing. 

Flrat Steps to Latin Writing : intended as a Practical Illustration of the Lathi 
Accidence. To which are added. Examples on the principal Rules of Syntax . 
By 6. F. Gkabam. New Edition, considerably enlarged. 12mo. 4s. doth. 

Valpy's Latin Delectus, and Key. 

Delectus Sententiamm et Historiainm ; ad usum Tironum accommodatuM cum 
Notulis etLexico. Auctore R. Valpt, D.D. New Edition 12mo. 2s. fid. cloth. 
Kbt. New Edition, careftilly revised. 12mo 3s. fid. cloth. 

Valpy's Second Latin Delectus. 

The Mprond Latin Delectus; designed to be read in Schools after the Latin 
Delectus, and before the Analecta' Latina Majora: with English Notes. By 
the Rev. F. E.J. Valpt, M. A. New Edition. 6vo. fis. bouno. 

Valpy's First Latin Exercises. 

First Exercises on the principal Rules of Grammar, to be translated into Latin : 
with familiar Kxplanations. By the late Rev. R. Ya.ij*t, D.D. New Edition, 
with many Additions. 18mo. Is. fid. cloth. 

Valpy's Second Latin Exercises. 

Second Latin Exercises : applicable to every Grammar, and intended as an Intro- 
duction to Valpy's " Elegantiae Latinse." By the Rev. E. Valpy, B.D. 
New Edition. 12mo. 28. fid. cloth. 

Valpy's Elegantiee Latin se, and Key, 

Eifcgantiie Latinte ; or. Rules and Exercises illustrative of Elegant Lat'm Style : 
with the Original Latin of the most difficult Phrases. By Rev. £. Val.^t, B.D. 
New Edition. I2mo. 48. fid cloth. 

Key, beine tiie Original Passages, which have been translated into Ex frli8b>to 
serve as Examples and Exercises in the above. 12mo. 2s. fid. sewed. 

An Introduction to the Composition of Latin Verse ; 

containing Rules and Exercises intended to illustrate the Manners, Customs, 
and upinions, mentioned by the Roman Poets, and to render familiar the 
principal Idioms of the Liatin Language. By the late Chuistophf.r Rapier, 
A.B. New Edition, revised by the Rev. T.'K. Arnold, M.A. 12mo. 3s. fid. 
rior^.— Key, 2s. fid. sewed. 
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Wal ford's Latin Verse Book. 

Progressive Exercises in Latin Elesiac Verse. Adapted, with References 
throughout, to the Syntax of Dr. Kennedy's T^atin Grammar ; and accom- 

£ anted by Mai^inal References to the Works of the best Latin Poets. By th<? 
lev. E. Walford. M.A Scholar of Balliul College, Oxford, and Assistant- 
Master of Tunbridge School. New Edition, corrected. 12mo. 28. 6d. cloth. 

Howard's Introductory Latin Exercises. 

Introductory Latin Exercises to those of Clarke, EUis, Turner, and other* : 
designed lor the Younger Claaaes. By Na.tua.miel Howard. New Edition. 
12mo. 2s. 6d. cloth. 

Howard's Latin Exercises extended. 

Latin Exercises Extended ; or, a Series of Latin Exercises, selected firom the best 
Roman Writers, and adapted to the Rules of Syntax, particularly in the Eton 
Gi ammar . To which are add ed , English Examples to be translated into Latin 
immediately under the same rule. Arranged under Models. By Nathanisl 
Howard. New Edition. 12mo. 3« 6d. cloth.— Kjit, 12mo. 2«. od. 

Bradley's Latin Prosody, and Key. 

Exercises in Latin Prosodv and Versification. New Edition, with an Appendix 
on Lyric and Dramatic Measures. 12mo. Ss. 6d. cloth.— Kbt. 12mo. Ss. 6d. 

EDITIONS OF CREEK CLASSIC AUTHORS. 

Valpy's Homer. 

Homer's Iliad, complete : English Notes, and Questions to first Eight Books. 
Text of Heyne. By the Rev. E. Valpt, B.D. late Master of Norwich School. 
New Edition. 8vo. 10s. 6d. bound.— Text only, New Edit. 8to. 6«. 6d. bound. 

Major's Euripides. 

Euripides. From the Text, and with a Translation of the Notes, Preface, and 
Supplement, of Forson; Critical and Explanatory Remarks, original and 
selected ; Illustrations and Idioms from Malthis, Dawes, Viger, &c. ; and a 
Synopsis of Metrical Systems. By Dr. Major. 8vo. 24b. cloth. 
*•' The Five Plays separately, price 5a. each. 

Lin wood's Sophocles. 

Sophoclis Tragoedise superstites. Recensnit et breri Annotatione instruxit 
O. LiM WOOD, M.A. iEdis Chriati apud Oxonienses Alumnus. 8vo. 16s. cloth. 

Brasse's Sophocles. 

^k>phocles, complete. From the Text of Hermann, Erfturdt. ftc. ; with original 
Explanatory English Notes, Questions, and Indices. By Dr. Brasss, Mr. 
BuBGBB, and Rev. F. Valpt. 2 vols. post8vo. 34s. cloth. 

*.* The Seven Flays separately, price Se. each. 

Balfour's Xenophon's Anabasis. 

The Anabasis of Xenophon. Chiefly according to the Text of Hutchinson . 
With Explanatory Notes, and lUustrationsof Idioms fVom Viger, &c., copious 
Indexes, and Examination Questions. By F. C. Ba.liour,M.A. Oxon. F.R.A.S. 
LL.D. New Edition. PostSro. 8a. 6d. boards. 

Hickie's Xenophon's Memorabilia. 

Xenophon's Memorabilia of Socrates. From the text of Knhner . With Notes , 
Critical and Explanatory, from the best Commentators, and by the Editor ; 
Questions fur Examination ; and Indices. By D. B. Hicxix, LL.D. New 
Edition. Post 8vo. bs. 6d. cloth. 

Barker's Xenophon's Cyropsedia. 

The CyropoBdia of Xenophon. Chiefly from the text of Dindorf. With Notes, 
Critical and £xplanatory,from Dindorf, Fisher, Hutchinson^oppo, Schneider, 
Sturtz. and otherscholars, accompanied by the editor's, with Examination 
Questions, and Indices. Bf E. H . Barker. Post 8vo. Ss. 6d. bds. 

White's Edition of Xenophon's Anabasis. 

Xenophon's Expedition of Cvms into Upper Asia : principally from the Text of 
Schneider. With English Notes, for the use of Schools. By the Rev. J. T. 
White, M.A. C.C.C. Oxon; Junior Upper Master of Christ's Hosintal, Lon- 
don. 12mo. 7b. 6d. bound. 
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Stocker's Herodotus. 

Hrrodotiu; eontaiafaif the Contiiiootu History alooe of the Persian Wars: 
with English Notes. By ••« Rer. C W. Stockbk.D.D. Vice-Principal of 
St. Albaa*s Hall, UaJbrd. >ew Edition. S toIs. post 8ro. 18s. doth. 

Barker's Demosthenes. 

OemosthenM— Oratio Philippica I., Olynthiaca I. II. and III., De Ps(^ iEschinos 
contra Demosthenem, De Corona, with ^iglish Notes. By E. H. Bakuxb. 
New Edition. Post tnro. 8s. «d. hoards. 

EDITIONS OF^LATirrciLASSiC AUTHORS. 

Girdlestone and Osborne's Horace. 

The Works of Horace. Adapted to the Use of Totmt; Persons, by tlM 
Omission of Offenstre Words and Passaces ; and illastrated by oripnal English 
Notes, embodying tfas most recent railologieal Information, together with 
occasional Strictures on Sentiments of an nnchristian tendency. By the 
Rer. CHAnuts GinDLcsroMB, M.A. and the Rer. Wiuiax A. Onourn, 
M. A. l2nio. 7s. 6d. bonnd. 

Valpy's Horace. 

Q. Horatii Flacci Opera. Ad fidem optimomm eaemplarhDn castigata ; enm 
Nc talis Anglicis. Edited by A. J. YjLirr, U.A. New Edition. Ibmo. 6a. 
bound ; without Notes, 8s. 6d. bonnd. 

Virgil with 6,000 Marginal References, by Pycroft. 

I The iBneid, Grorgics, and Bucolics of Virgil : with Marginal Befewnces, ami 

I concise Notes from Wagner, Heyne.and Anthon. Edited, from the Text of 

I Wagner, br the Rer it.*. PTCnorr, B.A. Trin. Coll. Oxford. Fep. 8to. 7s. 6d. 

: bound ; without Notes, 3s. 6d. bonnd. 

! Valpy's Edition of Virgil. 

p. '^gilii Maronis Buetdica, Georgica. iBnels. Acccdunt,in gratiam Juventutls 
Notae quadam Anglioe scripts. Edited bjr A. J. Valft, M.A. New Editioi^ 
18mo. Ts. 6d. bound ; the Tbxt only, 8s. 6a. bound. 

Bradley's Ovid's Metamorphoses. 

Oridii Metamorphoses; in usnm Scholarum excerpts : auibus accedunt Notnla 
Anglicc et Quastiooes. Studio C. Bkadlbt, A.m. Editio Nora. ItaMik 
4s. 6d. cloth. 

Valpy's Ovid's Epistles and Tibullus. 

Electa ex Oridio et TibuUo : cum Notis AngUcis. By the Rer. F. E. J. Ya.lp«, 
M.A. Master of Burton-on-Trcnt School. New Edition. 12mo. 4s 6d. doth. 

Bradley's Pheedrus. 

Phiedri Fabuhe; in usum Scholarum expurgata: qnibus accedunt Notute 
Anglica et Qmestiones. Studio C. Bka.dlbt, A.M. Editio Nora. 12mo. 2s. 6d. d. 

Reinhardr's Terence, by Dr. Hickie. 

p. Terentii Afri Comosdic Sex. Ex Editione Th. Frid. God. RxiMHAnov. 
With English Explanatory Notes, a Life and Chronolcgy of Terence, and 
Excursuses. By D. B. Hxcxii, LL.D. New Edition. 12mo. with Portrait. 
9s. 6d. cloth. 

Valpy's Tacitus, with English Notes. 

C. Comelii Tadti Opera. From the Text of Brotier ; with his Explanatory 
Notes, translated into English. ByA.J.YAi.PT,M.A. 8Tols.post8TO.24s.bd8. 

Hickie'3 Livy. 

The Pint FItc Books of LItt: with English Explanatory Notes, and Examina- 
tion Queitions. By D. B. Hickib, LL.D. New Edit. Post 8to. 8s. 6d. boards. 

C. Julii Ceesaris Commentarii de Bello Gallico 



Ex recensinne Fb. OcDBWDonrii. With Explanatory Notes, and Historical, 
Geographical, and Archaological Indexes. By Chaklbs Amthon, LL.D. 
New Edition. 12mo. 48. 6d. cloth. 



C. Crispi SalluPtii Opera. 

With an EngliA CnmmentarT. and Ofographical and Historical Indcxts. 
Charlbs Amtro», LL.D. New Edition. 12mo. 58. cloth. 



STANDARD KOUCATIONAL WURKS^. 7 



Bradley's Cornelius Nepos, improved by White. 

Cornelius Nepos : with Enelikh Notes and Questions. By the Rev. C. Bkid- 
LKT, BI.A. A New edition, corrected and considerably enlarged hj the 
addition ofEipUnatory and Grammatical Notes, bj the Rev J. T. Whitb, 
M. A., Junior Upper Master of Christ's Hospital, London ; Editor of ** Xeno- 
phon's Anabasis," &c. 12mo. 3s. 6d. cloth. 

* •* It is in the Notes that this new and improred edition of Bradler's 
Nepos will be found most to differ from those which preceded it. Tlie 
Notes have been entirely re -written ; and a very lanre amount of classical in- 
formation has been embodied in them, Arom tiie best and most recent sonrces, 
respecting matters in the text of Nepoa, upon which the original work was 
altogether silent. 

Bradley's Eutropius, improved by White. 

Eutropii Historiae Romans Libri Septem. The First 8«Ten Books of 

gutroplns's Epitome of the History of Rome: with English Notes and 
uestions, ana a copious Vocabulary. By the Rer. C. Bkadlet, M.A. 
New Edition, corrected and considerably enlarged, by the Rev. J. T. 
Whitb, M.A.; Junior Upper Master of Chrut's Hctplul, London ; Editor of 
" Xenophon's Anabasis," &c. 12mo. St. 6d. cloth. 

M. Tullii Ciceronis Orationes Selectee. 

£z recensions Jo. ''Ado. Eimbsti. With an English Commentary, and 
Historical, Geosraphlcal, and Legal Indexes. By Chaju.B8 Amthox, LL.D. 
New Edition. ISmo. 6b. cloth. 

Valpy's Cicero's Twelve Orations. 

Twelve Select Orations of M. Tnllius Cicero. From the Text of Jo. Caap. 
Orellius; with English Note*. Edited by A. J. Va.lft, M.A. New Edition. 
Post 8vo. 78. 6d. boards. 

Barker's Cicero de Amicitia, &c. 

Cicero's Cato Ma^or, and Lslius : with English Explanatory and Philological 
" •• ' ■ ■ ■ 9 Old Age b'- the 

Romans. By the 




WORKS BY THE REV. 8. T. BLOOMFIELD, D.D. F.S.A. 

Bloomfield's New Greek Vocabulary. 

Lexilogus Scholasticus ; or, a Greek and English vocabulary on a new and 
improved plan : comprising all the Primitives, with some select Derivatives ; 
and presenting a brief Epitome in outline of toe Greek Language. Ifimo. Ss. 

Bloomfield's Epitome of the Greek Gospels. 

Epitome Evangelica ; or. First Step to Greek Construing i being Seleetiona 
from the Four Greek Gospels : with a Clavia and Gramnutical Motea. Li- 
tended as a Companion to the Author's ** Lexflons Seholastictts," and as an 
Introduction to his << College and School Greek Testament." 18mo. 4s. cloth. 

Bloomfield's Greek Lexicon to the New Testament. 

Greek and English Lexicon to the New Testament; especiaUv adapted to the 
use of CoUegies and the higher Classes in the Public Scnools, out also intended 
as a eonvenuent Manual ror Biblical Students in general. New Edition, en- 
larged and improved. Fcp. 8vo. lOs. 6d. cloth. 

Bloomfield's College and School Greek Testament. 

The Greek Testament: wi&briefEngUsh Notes, Philological and Explanatory. 
Especially formed for the use of Colleges and the Public Schools, but also 
adapted for general purposes, where a larger work is not requisite. New 
Edition, enlarged ana improved. Fcp. 8vo. 10s. 6d. cloth. 

Bloomfield*s Greek Te^itament. 

The Greek Testament: with eopions English Notes, Critical, Philolooieal, and 
Explanatory. New Edition, onlarged and improvM. S vela. 8vo. with Mi^ of 
Palestine, £2, cloth. 
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Bloomfield's Greek Thucvdides. 



The History of the PdofMaacaiaa War, by Tlmrydidcs. A New BcccnsioB of • 

the Ttet; with acareraDy amended PnactnatiMi ; aad rofnoos NotM, Critical, i 
Philalofieal, and Esplaaatory ; with ftill ladieea, both of Greek Words and 

Phraaea, eulaiaed, aad auttera diacniaed in the Notes. S toU. 8to. with I 

Maps aad nans, SSs. cloth. { 

Bloomfield*8 Translation of Thacydides. 

The Hiatory of the Fdopoaaesian War. By TmrcTDiDBa. Traaalated into 
English, aad aceompanied by copioos Notes. Philolofrical and Explanatory, 
Uinorical aad GeognphicaL 3 toU. 8td. with Maps, Ac. £2. 5s. board*. 



HISTORY, CHRONOLOGY, AND MYTHOLOGY. 

Eccleston : An Introduction to English Antiquities. 

Intended as a Companion to the History of Rngland. ByJaaiesEcdeston, Bj^ 
late Master of Sutton Coldfteld Gnminar SotooL 8to. with nnmeraiis £n- 
graTings on Wood, 21a cloth. 

Mr. Farr's Elementary History of England. 

▲ School Historr of En^and, from the Earliest Period, to the Eterenth Year 
of the Reign of Qneen victoria; containing a NairatiTe of GrU aad Military 
TrauMctions, and exhibiting a Tiew of the Religion, GoTcmment snd Laws, 
Literature, Arts, Commerce, Manners and Cvstoms, ftc of the diflerent Pe- 
riods. By Edwa&d PAna, Esq. F.S.A. New Edition. 12mo. 6s. IhL bound. 

The Rev. B. G. Johns's History of the Jews. 

▲ Sketch of the Historr of the Jem, from the end of the c^vtiTity to the 
coming of the Mcasiali : with an Appendix of the Names of remarkable 
Penons aad Places mentioned. By the Rev. B. G. Johns, Head Master of 
the Gramnuu- School, College of God's Gift, Dulwidi ; late Norma) Master of 
St Mark's Collie, Chelsea. 12mo. wHh Map, Is. 6d. doth. 

The Rev. J. Sedgwick's School History of France. 

A History of France ; from the Earliest Period to the Revolution of 1848. For 
the Qse of Tovng Persons and Schools. Edited by the Rev. Jubn Sxoo- 
wiCK, M Jk. Demy of Magda en CoUege, Oxford ; and one of the Masters in 
tl«e Ordnance School, Carshalton. Fcp. 8to. Ss. 6d. doth. 

Lempriere's Classical Dictionary, abridged 

For niblie and PriTate Schools of both Sexes. By the late E. H. Buikbr, Tri- 
nity College, Cambridge. New Edition, revised and corrected throognoatb 
By J. Cautui. Sto. 12s. bovnd. 

Blair's Chronological and Historical Tables. 

From tiie Creation to the Present Tinie : with Additions aad Corrections from 
the most Authentic Writers : including the Computation of St. Paul, as con- 
necting the Period from the £xode to tne Temple. Under the superintendence 
of Sir UUTKi Elus, K.H. Imp. 8to. 31s. 6d. half-bound morocco. 

Mrs. Slater's School Chronology, and Chart. 

Sententiv Chronolaaies ; or. a Complete Syston of Ancient and Modem Chro- 
nology, contained In Familiar Sentences : intended for the use of Schools and 
PriTaU Stodenta. By Mrs. Johm SL^Tsa. New Edition, corrected to Mm 
present time. 12i&o. Ss. 6d. cloth. — Also, 

A Chronological Chart, designed to accompany the " Sententiv Chronolo- 

rcc," andoorrected to correspond with thf New Edition of that work. On 
large sheets, coloured, price 6s.; or mounted on linen on a roller, Ss. dd. 

Mangniall's Questions.— the oklt gbkvuib and coxplvr editiom. 

Historical and Miscellaneous Questions, for the Use of Youns People ; with a 
Selection of British and General Biography, &c. Ac. Bt R. Maxomali.. New 
Edition, with the Author's last Corrections, and otner Tery considerable 
Additions and Improrements. 12mo. 48. 6d. bound. 

Comer's Sequel to Mangnali's Questions. 

Questions on the History of Europe : a Sequel to Mangnali's Hlstorica Ques- 
tions ; comprising Questions on the History of the Nations of Continental 
Europe not comprehended in that work. By Juua Corkxk. New Edition. 
12mo. 5s. bound. 
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Hort*8 Pantheon, 

The New Pantheon; or, an Introduction to the lilrtholoffy of the Ancients, in 
Question and Answer: compiled for the Use of lounff t'ersons. With an Ac- 
centuated Index, Questions for Exercise, and PoeUcaTlllustrations of Grecian 
Mytholo^, 'rom Homer and Virgil. By W. J. Uort. New Edition, enlarged. 

. Ibino. with 17 Plates, 5s. 6d. bound. 

Hort*s Chronology, 

An Introduction to the Study of Chronolo^jr and Ancient History: in Question 
and Answer. By W. J. Hort. New Edition. 18mo. 48. bound. 

School Chronology ; or, the Great Dates of History. 

Drawn up for the use of the Collegiate Schools, Lirerpool. New Edition. 
Square 12mo- Is. stitched. 

Valpy*s Poetical Chronology. 

Poetical Chronology of Ancient and Engush History: with Historical and Expla- 
natory Notes. By R. V axpt, D.D. New Edition. 12mo. 2s. 6d. cloth. 

Mathematical Works, by Mr. J. R. Young, Pro- 
fessor of Mathematics in Belfast Colleg^e. 



An EleiKentary Treatise on 

Ali^bra, Theoretical and Practical: 
with an Appendix on Probabilities 
anil Life Annuities. Fourth Edition, 
enlarged. 12mo. 6s. cloth. 
KET,by SpiLLSB, 12mo. 6«. 

The Analysis and Solution of 

Cubic and Biquadratic Equations: 
forming a Sequel to the Elements of 
Algebra. 12mo. 6s. cloth. 

Theory and Solution of Alge- 
braical Equations of the Higher Or- 
ders. Second Edition, enlarged. 8to. 
15s. cloth. 

Elements of the Differential 

Calculus : comprehending Curre 
Surfnces and Curves of Double Cur- 
vature. Second Edition, enlarged. 
12mo. 9s. cloth. — An Edition in 8to. 
12s. cloth. 

Elements of Geometry : with 

Notes. 8to. 88. cloth. 

The Elements of Mechanics; 

comprehending Statics and Dyna- 
mics : with a copious Collection of 
Mechanical Problems. 12mo. with 
Plates, 10s. 6d. cloth. 

Analytical Geometry : 

Comprising the Theory of Conic Sec- 
tions, and of Curves and Surfaces of 
the Second Order. Second Edition. 
2 vols. 12mo. 14s. cloth. Separately^ 
Part 1 Conic Sections, 68. 6d. 
Part II. Curves and Surfkcea, 7s. 6d. 



MathematicalDissertationSffor 

tile Use of Students in the Uodern 
Analysis. 8vo 9s. 6d. cloth. 

Euclid's Elements ; 

the first Six, and the Eleventh and 
Twelflh Books: with Corrections 
from Simson and Playfair's Texts, 
and an improved Vth Book. Fifth 
Edition. 18mo. 5s. cloth. 

Elements of Plane and Spheri- 
cal Trigonometry : with their Appli- 
cations to the Principles of Naviga- 
tion and Nautical Astronomy. Se- 
cond Edition. 12mo. 6s. cloth. 

Mathematical Tables : 

Comprehending the Logarithms of 
all Numbers, from 1 to 30,600; also 
the Natural and Logarithmic Sines 
and Tangents, Ac. New Edition. 
12mo. 6«. 6d. cloth. 

An Elementary Essay on the 

Computation of Logarithms: with 
the most expeditious Methods of con- 
structing a Table of those Numbers. 
Second Edition. 12mo. 5s. cloth. 

Researches respectinfp the Ima- 

a^ary Roots or Numerical Equa- 
tions : being a Continuation of New- 
ton's Investigations on that subject 
8vo. 38. 6d. sewed. 

Three Lectures on some of the 

Advantages of Mathematical Study : 
with an Examination of Hume's 
Argument against Miracles. 12mo. 
2s. 6d. cloth. 



GEOMETRY, ARITHMETIC, LAND-SURVEYING, ETC. 

Sandhurst College Arithmetic and Algebra. 

Elements of Arithmetic and Algebra. By W^. Scott, Esq. A.M. and P.R.A.S. 
Examiner in Mathematics of Candidates for Commissions in Her Majesty's 
Service, and Professor of Mathematics in Sandhurst Military College. New 
Edition. 8vo. 16s. bound. 

"..• " Scott's Elements of Arithmetic and Algebra," and « Narrien's Ele- 
ments of Geometry." are recommended (as usefu to Candidates for Commis- 
sions in the Army) in the Instructions issued by the Commander-in-Chief. 
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Sandhurst College Elements of Euclid. 

Elements of GtumtHrj: consieting of tiie flnt four, and the dztb. Books of 
EocUd, chiellT tnm the Text of Dr. Robert Simeon ; with the principal 
Theorems m Proportion, a Coarse of Practical Oeometrr on the Ground, ex. 
By John NAnniBN, F.R.S. and R.A.8. Professor of Mathematics, &«. in 
Sandhurst Military College. New Edition. 8vo. 10s. 6d. bound. 

Sandhurst College Trigonometry, 

Plain Triftonometrr and Mensuration. By W. Scott, Esq. A.M. and P.R.iUt3k 
8ro. 9s. 6d. bound. 

Sandhurst College Astronomy and Geodesy. 

Practical Astronomy and Geodesy : includfaig the ProtJections of the Sphere and 
Spherical Trigonometry. For the use of ttie Royu Military College, Sand- 
hurst. By JoHM Naxmbx, F.R.8. ft R.A.S. 8to. 14s. bound. 

Sandhurst Colleg'e Analytical Geometry. 

Anal3rtical Geometry : with the Foperties of Conic Sections : and an Appen- 
dix, containing a Tract on DeMsriptiTe Geometry. For the use of the Ro>al 
Military College, Sandhurst. By J. Naurixx, F.R.S. and R. A.8. 8to. 8a. 6d. 

Professor Thomson's Elementary Algebra. 

An Elementary Treatise on Algebra, Theoretical and Practical. By Jambs 
Tbomson, LXi.D. Professor of Mathematics in the UniTersity of Glasgow. 
New Edition. 12mo. 5s. cloth.— Kit, 4b. 6d. cloth. 

Nesbit : a Complete Treatise on Practical Land 

Sunrering. For the use of Schools and Students. With 2S0 Practical Examples. 
By A. Nbsbit. New Edition, corrected and greatly enlartred. To which '«re 
now added, Plane Trigonometry, including the use of the Theodolite and 
Railway Surveying; and Railway Engineenng, including the Principles and 
Practice of Levelling, Planning, Laying out Curves, Cutung and Embanking, 
Tunnelling, ViaducU, Sec. By T. Bakbb, Land-Survevor and Civil Engi 
neer. 8vo. with woodcuts, plates, and an engraved field-book, 12s. cloth. 

Nesbit's Mensuration, and Key. 

A Treatise on Practical Mensuration : oontainmg the most approved Methods of 
drawing Geometrical Figures; Mensuration of Superficies; Land Surveying ; 
Mensuration of Solids ; the Use of the Carpenter's Rule ; Tiimber Measure, Ac. 
By A. Nbsbit. New Edition. 12mo. witb 300 Woodcuts. 6s. bound. 

Kbt. New Edition. 12mo. 5s. bound. 

Keith's Treatise on the Use of the Globes. 

New Edition, greatly enlarged and improved, bv ALraBD S. Tatlor, F.R.9. 
Lecturer on Chemistry. &e. in Guy's Hospital ; R. A. Lb MBStmiBB, B.A. 
Scholar of Corpus Christi College, Oxford ; and J . M iddlbton , Esq. Professor 
of Astronomy. 12mo. with Plates and Diagrams, 6s. 6d. botind. 

Kbt. Adapted to the New Edition, by Prof. Mijddutok. 12mo. 2s.6d.clottk. 

Keith's Trigonometry. 

An Introduction to the Theory and Practice of Plane and Spherical Trigonometry, 
and the Stereograpbic Projection of the Sphere, including the Theory of Navt- 

Ktion. By Thomas Kbzth. New Edition, corrected by 8. Matmard. 8«>. 
I. cloth. 

Crocker's Land Suryeying. 

Crocker's Elements of Land Surveying. New Edition, corrected throughout, 
and considerably improved and modernised, by T. G. Bont, Land-Surveyor. 
Bristol. To whfeh ate added. Tables of Six-figure Logarithms, superintended 
by Richard Farlrt, of the Nautical Almanac Establishment. Post 8vo. with 
Plans, Field-book, Ac. 12s. cloth. 

Moseley : Illustrations of Practical Mechanics. 

By the Rev. H. Mosbut, M. A. Professor of Natural Philosophy and Astronomy 
in King's College, London. New Edit. Fcp. 8vo. with Woodcuts, 8s. cloth. 

Tate's Elements of Euclid. 

The First Three Books of Euclid's Elements of Geometry : from the Text «# 
Dr. Simson : together with various useful Theorems and Problems, as Geo- 
metrical Exercises on each Book. By Thomas Tatx, late Mathematical Fro 
feasor and Lecturer on Chemistry in the National Society's Training College, 
Battersea. 12mo. Is. 6d. doth. 



STANDARD EDUCATIONAL WORKS. 



11 



Tate : Principles of Geometry, Mensuration, Trigo- 
nometry, Land-SunreTing, and Levelling: containing familiar Demons 
Btrations and Illustrations of the most important Propositions in Euclid's 
Elements ; Proofs of all the uaeftxl Rules and Formube in Mensuration and 
Triffonometry, with their application to the Solution of Practical Problems 
in Estimation, Surveying, and Railway Engineering. By Thomas Tatb. 
late Mathemntical Professor and Lectur«r on Chemistry in the National 
Society's Training College, Battanca. New Edittoa. 12mo. with 317 Dia- 
grams and Woodcuts, 3s. 6a. cloth. 

Tate's Algebra made Easy. 

Alsebra made Easy. Chiefly intended for the use of Schools. By Tbokai 
Tatk, late Mathematical Professor and Lecturer on Chemistry in the National 
Society's Training College, Battersea. New Edition. 12au>. 28. doth. 

Tate : The Principles of the Differential and Integral 

Calculus simplified and applied to the Solution of various Useful Problems in 
Practical Mathematics and Mechanics. By Thomas Tatb, late Mathematical 
Professor and Lecturer on Chemistry in the National Society's Training 
College, Battersea. 12mo.4s. 6d. 

Tate : Treatise on the First Principles of Arithmetic, 

after the method of Pestalocii. Designed for the use of Teachers and Monitors 
in Elementarv Schools. By Thomas Tatb, late Mathematical Professor and 
Lecturer on Cnemistry in the National Society's Training CoUese, Battersea. 
New Edition, with additions and improvements. I'^tmo. Is. 6d. uoth. 

Tate : Exercises on Mechanics and Natural Phi- 
losophy ; or, an easy introduction to Engineering ; containing various A pplic»< 
tions of the Principle of Work : the Thirary of uie Steam Ensine with Simple 
Machines ; Theorems and Problems on Accumulated Work. Ac. By Thomas 
Tatb, late Mathematical Professor and Lecturer on CStemistry in the National 
Society's Training College, Battersea. New Edition. Fcp. tsto. 2s. cloth. 

Hunter : Exercises in the First Fonr Rules of Arith- 
metic: constructed for the application of New ArtMcial Tests, by which the 
Teacher may expeditiously ascertain the Correctness of the Results. Bj the 
Rev. John Hontbr, M.A. Vice-Principal of the National Society's Traming 
College, Battersea. Second Edit, remoddled and enlarged. 12nio. 6d. sewed . 

Colenso's School Arithmetic. 

Arithmetic, designed for the use of Schools. By the Rev. J. W. CotXNSo, M.A. 
Rector or Forncett St. Mary, Norfolk ; and late Fellow of St. J<din's College, 
Cambridge. New Edition. Fcp. 6vo. 4b. fid. boards. 

Maynard's Kev to Colenso's School Arithmetic. 

Solutions to all the Unworked Examples in the Rev. J. W. Colenso's " Arith- 
metic for Schools." Bv Samvbl Maixard, Editor of Keith's and Bonny- 
castie's Mathematical Works, &c. IStmo, 6s. boards. 

Taylor's Arithmetic, and Key. 

The Arithmetician's Ouide; or, a complete Exercise Book : for Public Schoola 
and Private Teachers. By w. Tailor. New Edition, revised by S BfAT- 
MARO. 12mo. 2s. fid. bound. 

KxT. By W. H. Whitx. 12mo. 4s. bound. 

Molineux's Arithmetic, and Key. 

An Introduction to Practical Arithmetic ; in Two Parts ; with various Notes, and 
occasional Directions for the use of Learners. By T. Molinbox, many years 
Teacher of Accounts and the Mathooiatics in Macclesfield. In Two Parts. 
Part 1. 12mo. 2s. fid. bound.— Part 2. 12mo. 2b. fid. bound. 

Kbt to Part 1, 6d.— Kbt to Part 2, fid. 

Joyce's Arithmetic, and Key. 

A System of Practical Arithmetic, applicable to the present stnte of Trade and 
Money Transactions : illustrated by numerous Examples under each Rule. By 
the Rev. J. Jotcb. New Edition, corrected and improved by S. Matmard. 
12mo. 3s. bound.- 

Kit. 18mo. 8s. bound. 
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Walkingame's Arithmetic and Key, by Crosby. 

The Tutor's Assistant ; bein« a Compendium of Arithmetic, and a complete 
Question Book ; containing Arithmetic in Whole Numbers, Vulgar Fractions, 
Decimals, Duodecimals, the Mensuration of Citcles, a Collection of Questions* 
&c. Br Fbakcii Walkikoamb. A New Edition, corrected by T. C&oaBV. 
12mo. 26. cloth. 

Kbt. I2mo. 3a. fid. cloth. 

Morrison's Book-Eeepinj^, and Forms, 

The Elements of Book-keeping, oy Sin^e and Double Entry ; comprising several 
Sets of Books, arranged accoraing to Present Practice, and designed for the use 
of Schools. By Jajcbs Mobrisom, Accountant. New Edition, considerably 
improved. 8to. 8s. half-bound. 

Sets of Blank Books, ruled to correspond with the Four Sets contained in th<f 
above work : Set A, Single Entry, 3s. : Set B, Double Entry, 9s.; Set C, Cont- 
mission Trade, 12s. ; Set D, Partnership Concerns, 4a. fid. 

Morrison's Commercial Arithmetic, and Key. 

A Concise System of Commercial Arithmetic. By J. Morkisom, Accountant. 

New Edition, revised and improved. 12mo. 4b. fid. bound. 
Kbt. New Edition, corrected and improved by S. Matmabd, Editor of Keith's 

Matiiematical Works." 12mo. 8s. bound. 

Nesbit's Arithmetic, and Key. 

A Treatise on Practical Arithmetic. By A.'Nbsbit. New Edition. ISmo. fia. bd . 

A Kbt to the same. 12mo. 6«. bound. 

Part II. of Nesbit's Practical Arithmetic; containing Fractions, Decimals , 

Logarithms, Chain-Rule. &c. 
Kbt to part 11. l2mo. 7s. bound. 

Thomson : School Chemistry ; 

Or, Practical Rudiments of the Science. By Robbrt Dvjtdis THoxsoif , M .D. 
Master in Surgery in the University of Glasgow : Lecturer on Chemistry in 
the same University ; and formerly m the Mraical Service of the Honourable 
East India Company. Fcp. 8vo. with Woodcuts, 7s. cloth. 

Peschel's Elements of Physics. 

The Elements of Physics. By C. F. Peschbl, Principal of the Royal Military 
College, Dresden. Translated ftrom the German, with Notes, by E. Wbbt 
3 vols. fcp. Svo. with Woodcuts and Diagrams, 21s. cloth. 

r Part 1. The Physics of Ponderable Bodies. Fcp. 8vo. 7s. fid 
Separately I Part 2. Imponderable Bodies (Light, Heat, Magnetism, Eleo- 
f tricity, and Electro-Dynamics). 2 vols. fcp. 8vo. 13s. fid. 

Mrs. Lee's Natural History for Schools. 

Elements of Natural History ; or. First Principles of Zoology : comprising the 
Principles of Classlflcation, interspersed with amusing and instructive Ori- 
ginal Accounts of the most remarkable Animals. By Mrs. R. Lbb. New Edit, 
revised and enlarged. l2mo. with numerous additionalWoodcuts,78.fid. bound. 

GEOGRAPHY AND ATLASES. 

S. Hall's First School Atlas— Price Eighteen-pence. 

A First or Elementary Atias, for the use of Schools. Containing Ten Maps, 
engraved by 8. Hall. Oblong 4to. Is. fid. coloured. 

1. Canaan as divided among the Tribes. 

2. Palestine in the time of Uur Lord. 

3. The World, in Two Hemispheres. 

4. The British Isles. 
6. Europe. 

The first two Maps are adapted, that of Canaan for the reading of the Old 
Testament, and that of Palestine ror the New Testament. 

* »* The expression of a general desire for an Elementary Atias of moderate 
price, comprenending all tne great divisions of the Globe, and maps to accom- 
pany the studv of the Old and New Testament, has induced Messrs. Longman 
and Co. to publish this work, in the hope that it will be found of practical 
utility. It has been compiled from the best and most recent authorities, and 
engraved with the greatest care bv S. Hall. In the selection of the Map«, the 
Publishers have been guided by the advice of genUemen of experience ui the 
teaching of Geography connected with the Committee of Council on Education 



fi. Asia. 

7. Africa. 

8. North America. 

9. South America. 
10. Australia, &c. 
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Dr. Butler's Ancient and Modem Geography, 

A Sketch of Ancient and Modern Geography. By Samttbl Botlbr, D.D.late 
Bishop of Lichfield, formerly Head Master of Shrewslmry School. New Edition, 
revised by his Son. 8vo. 9s. boards ; bound in roan, 10s. 

Dr. Butler's Ancient and Modem Atlases. 

A Gieneral Atlas of Ancient and Modem Geosrraphy : consisting of Forty-five 
coloured Maps, and Indices. New Edition, corrected. 4to. 24s. half-bound. 

An Atlas of Modem Geogniphy ; consisting of Twenty-three Coloured Maps ; 
with a complete Index. New Edition, corrected. 8to. 128. half -bound. 

An Atlas of Ancient Geograplnr; consisting of Twenty-two Coloured Maps* 
with a complete Accentoateo index. New Edition, corrected. 8vo. 128. 

Abridgment of Butler's Geography. 

An Abridgment of Bishop Butler's Modem and Ancient Geography : arranged in 
the form of Question and Answer, for the use of Beginners. By MaKT 
CoMMiNOHAit. New Edition. Fop. 8to. 2e. cloth. 

DHlButler's Geographical Copy-Books. 

Outline Geographical Copy-Books, Ancient and Modem : with the Lhies of Lati- 
tude and Longitude only, for the Pupil to fill up, and designed to accompany 
the above. 4to. each 4s. ; or together, sewed, 7s. 6d. 

The Geography of Palestine or the Holy Land, 

Including Phoenicia and Philistia: with a Description* of the Towns and 
Places in Asia Minor visited by the Apostles. By w. M'Leod, Head Master 
of the Model School, Royal Military Asylum, Chelsea ; late Master of the 
Model School, Battersea. New Edition. 12mo. with Map, Is. 6d. cloth. 

Dowling*s Introduction to Goldsmith's Geography, 

Introduction to Goldsmith's Grammar of Geography : for the use of Junior Pupils. 

ByJ.DowuNo. NewEdition. 18mo. 9d. sewed. 

By the same Author, 
Five Hundred Questions on the Maps in Goldsmith's Grammar of Geography. 

New Edition. 18mo. Sd.—KiT, 9a. 

Goldsmith's Geography Improved. 

Grammar of General^eography : for the Use of Schools and Young Persons. 
By theRev. J.Gou)SMiTR. Mew Edition, improved. Revised throughout and 
corrected by Hugh Murray, Esq. Royal 18mo. with New Views, Maps, &c. 
3s. 6d. bound. — Kiei,9d. sewed. 

Goldsmith's Popular Geography. 

Geography on a Fopulur Plan. New Edit, including Extracts f^om recent Voyages 
and Travels, with Engravings, Maps, &c. By Rev. J. Goldsmith. 12mo. 148. bd .• 

Mangnall's Geography, revised. 

A Compendium of Geography; for the use of Schools, Private Families, ftc. By 
R. Makonall. a new Edition, revised and corrected throughout. 12mo. 
7s. 6d. bound. 

Hartley's Geography, and Outlines, 

Geography for Youth.' By the Rev. J. Habtlet. New Edition, containing 

the latest Changes. 12mo. 4s. 6d. bound. — Bj the same Author, 
Outlines of Geography : the First Course for Children. New Edit. 18mo. 9d. sd. 



THE FRENCH LANGUAGE. 

Tarver's Eton French Grammar: 

Introduction k la Langue usuelle et aux Elements de la Grammaire Fran^aise. 
By J. C. TAavKa, French Master, Eton College. New Edition. 12mo. Ss. bd. 

Tarver's Eton French Exercises : 

Familiar and Conversational French Exercises, for Writing and vivA-voce 
Practice. By J. C. Tarvsb, French Mdster, Eton College' New Edition* 
12mo. 33. 6d. bound. 

Ket, 12mo. 38. bound. 
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Tarver's French Phraseology. 



TraiMliition of the New and 

occur in the Work. By F. M. Rowam. Foolscap Sto. 6«. bonnd. 

HamePs French Grammar and Exercises, by Lambert. 

Huners French Ormnunar and Bxerdaea. ▲ New Edition, In one volome. 
CareftillT corrected, neatly improred, enlarged, and re-arranged. By N. 
Lambert. 12nio. fia. id. bonnd. 

HamePs French Grammar (the Original Edition). 

▲ New Univennl French Orammar ; being an aocvrate System of French Aoci- 
denoe and Syntax. ByN.H&MBi.. New Edit, inqwoved. ISno. te. bo«ind. 

HamePs French Exercises, Key, and Questions. 

French Grammatical Ezerdaea. By N. Haxxl New Edition, careftilly Mvisad 

and jneatlT improved. 12mo. 4b. bound. 
Kbt, Umo. aa. bound. 



THE ENGLISH LANGUAGE. 
Gramwutrt, Reading Booki, and MiteeUaneout WorJU. 

Lessons on Industrial Education. 

For the uae of Female Schools. By a Lady. 12m«. 2s. 6d. doth. 

" A work of humble pretensionB, but of real and great value, calculated to 
assist in making good servants and housewives, and thus in promoting 
domestie comfort in no ordinary dwree. Although intended for persons in 
humble life, it will supply much useful Inibrmation to those who have had the 
advantage en receiving a finished education. It is as important to know bow 
to be a good mistress, as how to be a good »emxit."~-Methodwt Moiftuiue. 

The Rev. John Hunter's English Grammar. 

Text- Book of English Grammar : a Treatise on the Etymolorv and Syntax of 
the English Language; including Exercises in Parsing, Punctuation, and 
the Correction of unproper Diction ; an Etymological Tocabulary of Gramma- 
tical Terms, &c. For toe use of Students m Traminff Colleges, and the Upper 
Classes in National and other Elemratary Schools. By 'Rev. J Hdmteb, M.A. 
Vice-PrinclpaJ of the Training College, Battersea. 12mo. 2s. 6d. cloth. 

Hunter : Exercises in English Parsing : 

Progressively arranged. New Edition, remodelled and enlarged ; and adapted 
to the Antnor's Text-book of English Grammar. With Questions, suggesting 
a Course of Oral Instruction for Junior Pupils ; and an Appendix or Rules 
and Observations on the Paraphrasing of English Poetry, with Examples and 
JSxercises. By the Rev. Jobm Huntcr, M.A., Vice- Principal of the National 
Society's Training College, Battersea. 12mo. 6d. sewed. 

Progressive Exercises in English Composition. 

By the Rev. R. G. Parker, A.M. New Edition. 12mo, Is. fid. cloth. 



Phrasiologie ExpUqnte ct oonaparte : in explanation of Idkmatieal Phrascsjand 
to serve as Convrrsatioiial LtsaoBS. Br J.C.TaaTxm, Fivnch Master, Eton 
CoOcge. New Editko. IStao. Sa. bound. 

Tarver's Eton French Reading Book. ! 

Choix en Proae et en Tera : aoivi de la Phraatekwie expliqute ct comparie ; et j 

prteidi de Bemarquea snr la Conatruction des Vers Fran^aia. ByJ.C. . 

TAATXa, French Master, Eton College. New Edition. 12mo. 7s. fid. bound. | 

r Part I. CbMx en Prose, Sa. fid bound. 

Separatriy,/ Part II. Choix en Vers, Sa. fid. bound. | 

C Part III. Phrastelogie, 3a. bound. 

T&rdy's French Dictionary, improved by Tarver. 

Tardy'a Explanatory Pronouadng oSctionarT of the French Language, in 
French and En^M> ; w h ere in wc exact Sound and Articulation of everv 
Syllable is diatmetly maiked, according to the Princi|ries of the French 
ntmnnciatioa, developed in a ahoit Treatise. New Edition, corrected and 
much enlarged. By J. C. TanTxn, French Master, Eton. Fcp. fsro. 7s. 

Miss Rowan's Modem French Reading Book. 

Moreeanx Choiais dee Auteun Modcmea, i I*usage de la Jeunesse. With a 

DIflteult Words and Idiomatic Phrases which 
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Graham's Art of English Composition. 

Enfflish ; or, The Art of Componition explained in a Mries of Instrvctiont ftnd 
Examples. By G. F. Obaham. New Edition. Fcp. 8to. 6«. cloth. 

Carpenter's Spelling-Book. 

The Scholar's Spelling Aaaiatant; wherein the Words are arranged according to 
their principles of Accentuation. By T. CAKPSMTBa. New Edition, corrected 
throughout. 12mo. is. 6d. bound. 

Mayor's Spelling Book. 

The English Spellinj;-Book ; accompAnied bj a Proin«ssive Series of easy and 
familiar Lessons, mtended as an Introduction to the Readins and Spelling of 
the English Language. By Dr. Mavoe. New Edition. 12mo. with Frontis- 
piece, and 44 Wood Engravings, Is. 6d. bound. 

Lindley Murray's Grammatiral Works. 

*a* Thb latest and onlt Grmcinb Editions, wrrn thb Aothok's riNAt 

C0RRECTIUN8 AMD IKPROTIKBNTH. 

First Book for Children. 18mo. 6d. 
English Spelling-Book. 18mo. 18d. 



Introduction to English Reader. 28. 8d 
The English Reader. 12mo. 3s. 6d. 
Sequel to ditto. 12mo.4a.6d. 

Library Edition of Grammar, Exercises, and Key. 2 vols. 8to. 21s. 
First I..esson8 in English Grammar. 18mo. 9d. 



English Grammar. l2mo. Ss. 6d. 

abridged. 18mo.ls. 



English Exercises. 12mo. 2s.--Key. 2s. 
Exercises and Key. 12mo. Se. 9d. 
Introductory French Reader. St. 81L 



Questions, adapted to Murray's Grammar. 12mo. 2s. 6d. 
Murray's English Grammar, by Dr. Gilss, enlarged. 18mo. Is. 8d. 

Ross : An Elementary Etymological Manual of the 

English Language, for the use of Schools. To which are prefixed. Practical 



Observations on Teaching Etymology. By William Roes. Inspector of Schools 
for the Manchester Education Society. New Edition. 18mo 6d. sewed. 

Mr. M'Leod's Elementary Reading Book. 

A First Reading Book: for the use of Families and Schools. By W. M'Lbod, 
Head Master of the Model School, Royal Military Asylum, Chelsea. New 
Edition. iHmo. with Woodcuts, Sd. sewed.— Or, as Reading Lessons, for 
Children's Schools ; in 80 Broadside Sheets, printed firom a very bold type, 
with Woodcuts, price 8s. 

Mr. M*Leod's Second Poetical Rending-Book. 

The Second Poetical Reading- Rook. Compiled for the use of Funilies and 
Schools ; with Introductory Descriptions, Explanatory Notes, and Exercises 
in Spelling and Etymology*. Ry Wa ltib M'Lxoo, Head Master of the Mod^ 
School, Royal Military Asylum, Chelsea. 12mo. Is. 8d. sewed in cloth. 

The Rev F. C. Cook'** Select School Poetry. 

Poetry for Schools ; intended to serve as an Introduction to the Stndv of the 
Great Classical Poets of England. Selected from Beattie, Collins, Cowper, 
Goldsmith, Gray, Milton, Shakspeare, fnd Spenser: with a few brief fooV 
Notes. By tiie Rev. F. Cf. Couk, M.A., one of H.M. Inspectors of Cbuxcb 
Schools. 12mo. 28. cloth. 

The Rev. F. C. Cook's First School Poerrv. 

A First Book of Poetry: for Elementary Schools. By the Rev. F.C.Cook,M.A., 
one of Her Mi^esty's Inspectors of Church Schools. 18mo. price 8d. sewed. 

The Modern Poetical Speaker: 

A Collection of Pieces adapted for Recitation, careftillr selected from the 
English Poets of ttie Nineteenth Century. By Mrs. Paliiser. Dedicated, bj 
permission, to the Right Hon. the Dowager Lady Lyttelton. 12mo. 6s. bound. 

Sewell: The New Speaker and Holiday Task-Book. 

Selected from classical Greek, Latin, and English writers:— Demosthenes, 
Thucydides, Homer, Sophocles, Cicero, Livy, Virgil, Lucretius, Shakspeare . 
Milton, Burke, Bacon. &c. By the Rev. W Sewbll, B D. Fellow and Tutor 
of Exeter College, Oxford. 12mo. 68. bound. 
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Maunder* s Universal Class-Book : 

A New Series of Reading Lessons (original and selected) for Evenr Day in the 
Year : eacli Lesson recording some important Event in General History, Bio- 
graphy. &c., or detailing, in familiar language, interesting facts in Science. 
With Questions for Examination. By Samtjcl Mavudku, Author of ** The 
Treasury of Knowledge," Sec. New Edition, revised. 12mo. 5s. bound. 

Mrs. Marcel's Mary's Grammar. 

Mary's Grammar: interspersed with Stories, and intended for the use of 
Girls. By Jamb Marcet. New Edition. 18mo. 8s. 6d. cloth 

Mrs. Marcel's Willy's Grammar. 

Willy's Grammar: interspersed with Stories, and intended for the use of Boys. 
By Jams Ma&cbt. New Edition. 18mo. 2b. 6d. cloth. 



Graham's Helps to English Grammar, 

Helps to English Grammar ; or, EasY Exercisesfor Young Children 
by Engravings on Wood. By G. F. Gbahak. New Edition. 12i 



Illustrated 
12mo. 38. cloth. 



Graham's English Spelling-Book. 

English Spelling: with Rules and Exercises. Intended as a Class-Book for 
Schools or Home Teaching By G. F. Gsabam, Author of " English, or the 
ArtofCompostion;" « Helps ^ English Grammar," &c. 12mo. Is. 6d. cloth. 

English Synonymes classified and explained : 

With Practical Exercises, designed for Schools and Private Tuition. By 
G. F. Gbahax. Fcp. 8vo. 7s. cloth. 

Stow'a Training System. 

The Training System, the Moial Training School, and the Normal Seminary. 
By David Stow, Esq., Honorary Secretary to the Glasgow Normal Free 
Seminary ; Author of" Moral Training," Ac. Eighth Edition, corrected and 

. enlarged. Post 8vo. with Plates and Woodcuts, 68. cloth. 

Engli«»h and Latin School Books by Mr. Richard 
Hiley, Head Master of the Leeds Collegiate School. 



The Child's First English 

Grammar: divided into Ea.«y and 
Proirressive Lessons, to each of which 
are appended copious Questions and 
Exercises. 18mo. Is. sewed. 

The Child's First Geography. 

For the use of Elementary Classes. 
Being the First Two Courses of 
" Lessons in Geographv :" to which 
it is intended as an Introduction. 
New EdiMon. 18mo. 9d. 

Abridgment of Hiley's English 

Grammar ; together with appropriate 
Questions and Exercises, progres- 
sively arranged. New Edition, con- 
siderably improved. 18mo. Is. 6d. cl. 

Practical English Composition. 

Part I. ; or Junior Series : consisting 
of Four Courses of Exercises, pro- 
gressively arranged, and divided into 
appropriate Lessons. New Edition. 
12mo. Is. 6d. cloth. 

English Grammar, Style, Rhe- 
toric, and Poetry: to wWch are 
added. Preparatory Logic, and Advice 
to the S«uaent on the Improvement 
of the Understanding. New Edition, 
carefully revised 12mo. 3s. 6d. cloth. 



Progressive Geography, 

Consisting of Four Courses, divided 
into appropriate Lessons ; with nu- 
merous Exercises appended to each. 
The whole adapted to the Junior 
Classes in Classical and Commercial 
Schools. New Edition. 18mo. 2s. cl. 

Questions and Exercises 

adapted to Hiley's English Grammar, 
progressively arranged. New Edition, 
considerably improved, and adapted 
to the Last Edition of the Grammar. 
12mo. 2s. doth.— KEY. 12mo. 3s. cl. 

The Arithmetical Companion : 

Intended, by miscellaneous Exam- 

files, to perfect the Pupil in a know- 
edge of Arithmetic. New Edition, 
considerably improved. 18mo. Is. 6d. 
cloth.— KEY. 16mo. Is. 6d. cloth. 

The Elements of Latin Gram- 
mar, for the use of Schools. New 
Edition, considerably improved ; with 
selections from Zumpt, Kiihner. 
Trebs, Schiller, Ruddiman, ana 
Adam, of the most important rules 
and observations required by ad- 
vanced students. 12mo. 3s. cloth. 



H'ilsonand Ogilvy, *\i.\nnetS\.t*e\,Snowhlll, London. 
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APPMMD ElEMENTAM BCIIOOl BOOKS L^^Vif 

TH! ivcT J HUNTER B TEXT BOOK of ENGLISH ^ H^i 
GRAMHAB. tamo. 3>. 6d. , ^^i^ 

THF Rev J- HUNTER'a IJXERCISES in ENGLISH ■ ^^^-^ 
, , ^ PASSING, tdipted to hi«BnElliihGi»niiiiBr, lima. prictBd, 

*(-'+' Jl W ROSS'! ELEMENTARY ETYM0L0G!CA.L!( 
' *s.. MiNUALotllieESGl.lSH LA.NGOAGK. IBmo.prf.-, 



■ MP W M LEOD'b first READING -BO OK, for*; 



q; MKS. PALLISEiVaMODERN PORTrCAL SPEAKRR.i 
■L-lp.l frnin llie roeti of the XlXlli Ctntorj. IJeiliculcd J *: 
j«lj Lyittllon. 1 

T!!E Rer. W. SEWELL's SCHOOL SPEAKER and'^^ 
U(iLIDAYTA3JC-UO0K: com;—- " " ■ ■ ■■ ■'■ ■-^- ^ 

■jW^t-o ■ Biiglith SeL«clioiia. lanuk Ba. 

%i^(^P"^^ nOWAN-a NEW FRENCH READING-BOOK:!^^^ 
MKS. LEB'g NATURAL HISTORY for SCTIOOLSi 




